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To  the  Firft  Edition. 

j  .  -  A-  .  j.  , 

IT  may  be  necejjary  to  acquaint  the  Reader ,  that  the  fol¬ 
lowing  obfer  vat  ions  and  experiments  were  not  drawn  up 
with  a  view  to  their  being  made  pubhck ,  but  were  com¬ 
municated  at  different  times ,  and  moft  of  them  in  letters  wrote 
on  various  topicks ,  as  matters  only  of  private  amufement . 

But  fome  perfons  to  whom  they  were  read and  who  had 
themfelves  been  converfant  in  electrical  difquifitions,  were  of 
opinion ,  they  contained fo  many  curious  and  interefing  particu¬ 
lars  relative  to  this  affair ,  that  it  would  be  doing  a  kind  of  in¬ 
juft  ice  to  the  public ,  to  confine  them  folely  to  the  limits  of  a 
private  acquaintance . 

The  Editor  was  therefore  prevailed  upon  to  commit  fuch  ex- 
traBs  of  letter s,  and  other  detached  pieces  as  were  in  his  hands 
to  the  prefs ,  without  waiting  for  the  ingenious  author  s  per- 
mifion  fo  to  do  ;  and  this  was  done  with  the  lefs  hefitation,  as 
it  was  apprehended  the  author  s  engagements  in  other  affairs 
would  fear  ce  afford  him  leifure  to  give  the  publick  his  refleBi- 
ons  and  experiments  on  the  fubjeB ,  finifioed  with  that  care  and 
precifion ,  off'  which  the  treatiffe  before  us  ffhews  he  is  alike  fludi- 
ous  and  capable . 

The  experiments  which  our  author  relates  are  moft  off  them 
peculiar  to  himfelffff,  they  are  conduBed  with  judgment ,  and  the 
inferences  from  them  plain  and  conclufive  ;  though  fometimes 
propofed  under  the  terms  of  fuppofit ions  and  conje Bures . 

And  indeed  the  feene  he  opens,  firikes  us  with  a  pleafing 
afloniftment,  while  he  conduBs  us  by  a  train  off  faBs  and  ju¬ 
dicious  refieBions,  to  a  probable  caufe  of  thofe  phenomena, 
which  are  at  once  the  moft  awff'ul>  and \  hitherto ,  accounted ff'or 
with  the  leaf  verfimilitude . 


He 


i 


iv5  PREFACE. 

He  exhibits  to  our  consideration ,  an  invijibfe ,  fubtle  matter 2. 
diffeminated  through  all  nature  in  various  proportions  7  equally 
unobfferved ,  and7  whilft  all  thofe  bodies  to  which  it  peculiarly 
adheres  are  alike  charged  with  it ,  inoffenjive . 

He  Jhews,  however ,  ^<2/  ##  unequal  diftribution  is  by  any 

means  brought  about ;  '  if  there  is  a  coacervation  in  one  part  of 
J pace ,  <2  lefs  proportion ,  vacuity ,  tfr  want ,  m  another  ;  ^j/ 

^<2r  approach  of  a  body  capable  of  conducting  the  coacervated 
part  to  the  emptier  J pace ,  /V  becomes  perhaps  the  mofl  formid¬ 
able  and  irrejiffible  agent  in  the  univerfe .  Animals  are  in  an 
infant  ft  ruck  breathleffsy  bodies  almoft  impervious  by  any  jorce 
yet  known ,  perforated \  and  metals  fufed  by  it7  in  a  mo - 

ment. 

From  the  ffmilar  effects  of  lightning  and.  electricity 7  our  au¬ 
thor  has  been  led  to  make  Jome  probable  conjectures  on  the  caufe 
of  the  former  5  <2/2^  <2/  the  fame  time 5  to  prop  of e  pome  rational 
experiments  in  order  to  fecure  ourffelves,  and  thofe  things  on 
which  its  force  is  often  directed ,  from  its  pernicious  eff'eCls  ;  a . 
circumftance  of  no  fmall  importance  to  the  publick 5  there¬ 

fore  worthy  of  the  utmofl  attention . 

It  has ,  indeed ,  of  late  the  faff  ion  to  offer  ibe  every  grand 

or  unuffual  operation  of  nature  7  juch  as  lightning  and  earth¬ 
quakes  ,  to  electricity  ;  mt7  as  one  would  imagine  from  the 
manner  of  reafoning  on  theffe  occafions,  that  the  authors  of 
thefe  ffeh ernes  have  diffcovered  any  connection  betwixt  the  caufe 
and  effeCt^  or  Jaw  in  what  manner  they  were  related ;  but >  as 
it  would  jeem ,  merely  becauffe  they  were  unacquainted  with  any 
other  agent 3  of  which  it  could  not  p of  t ively  be  Jaid  the  connec¬ 
tion  was  impojftble . 

But  of  theje,  and  many  other  inter  effing  circumffances ,  the 
reader  will  be  more  fatisfaCtorily  informed  in  the  following 
letters,  to  which  he  is  therefore  referred  by 

The  EDITOR, 

'  '  !  -  ... 


A  D  V  ERTISEM  E  N  T 

t\  *)V  tVu\  -tr,  ;Vv  -Vi  A  ‘  /  V\  ..It 

Concerning  this  Fourth  Edition. 

L  L  the  Philofophical  Letters  and  Papers  of 
the  lame  Author,  that  have  been  inferted 
at  different  Times  in  the  Philofophical  Tranfac- 
tions  of  the  Royal  Society,  or  in  the  Magazines, 
or  printed  in  feparate  Pamphlets,  are  colle&ed 
and  added  to  this  Edition  ;  together  with  a  Num¬ 
ber  of  others  on  various  Subjects,  never  before 
printed,  that  have  palled  between  the  Author  and 
his  Friends.  Many  Errors  in  the  preceding  Edi¬ 
tions,  are  now  corrected  ;  fome  of  the  Letters, 

\  J  y 

which  had  been  tranfpofed,  are  reftored  to  their 
proper  places  ;  and  fundry  Paffages  are  more  ful¬ 
ly  explained  by  Notes,- — There  is  alfo  added,  a 
compleat  Index  to  the  whole. 
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A  T  A. 


62 

73 


346- 


AGE  13,  Line  8,  for ,  at  top,  raw*,  at  the  top. 

5;,~ _ 15,  becaufe  the  blood  and  other  humours: 

containing  fo  much  water,  are  more  ready 
conductors.  -  . 

— 10  for  wrote,  read  written. 

- io,  for  prevades,  read,  pervades. 

^65 _ _  y,from  the  bottom:  add ,  (page  54  of  this  Edit* 

1  2  - 22,  for ,  difcoveries,  you  difcoveries,  you, 

J24,- - -  3,  for  Lyden,  read  Leyden, 

I4x5 _ -20,  /<?r  give  it  a  ftiock,  give  a  fhock. 

- ii,  for  experimen,  read,  experiment. 

158,-22,  for  they,  read,  you.'  # 

189,  -  5,  for  infeniibly,  infenfibly. 

igg, - 15,  for  fettle,  read  fettle* 

225,- — —  ■  3,  add,  See  plate  II. 

327 -  7,  for  b)o frequent,  read,  by  the  frequent, 

344,  - —  3,  from  the  bottom ,  begin  a  new  paragraph  at 

There. 

345, —- 


4,  from  the  bottom ,  begin  a  new  paragraph  at 

How. 


— 20,  dele  the  comma  at  reproduced,  and  put  one 
at  feparation. 

347, — —11,  for  has  the  fame,  read ,  has  nearly  the  fame. 
354, — —  2,  from  the  bottom ,  for  280,  read  180. 

389— 

403 
475’— 

49°,— 


— 11,  add  See  plate  VI. 

— 15<  for  VI.  read  VII, 

—  2,  for  endeabour,  read  endeavour. 

— 18,  dele  the  femicolon  between  warmer  and  fitu- 
ation. 

In  numbering  of  the  pages,  1 12,  113,  are  repeated  ;  as  are  alfo 
pages  465  to  472* 
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LETTER  I. 

FROM 

Benj.  Franklin,  Efq,  at  Philadelphia , 

T  O 

Peter  Collinson,  Efq;  F.  R.  S.  London. 

.  •  -  ‘  ■  f 

SIR,-  Philadelphia^  March  28,  1747. 

OUR  kind  prefent  of  an  ele&ric  tube, 
with  directions  for  ufing  it,  has  put  fe- 
veral  of  us  on  making  eleCtrical  expe~ 
riments,  in  which  we  have  obferved 
fome  particular  phenomena  that  we 
look  upon  to  be  new.  I  (hall,  there¬ 
fore  communicate  them  to  you  in  my  next,  though  pof~ 

B  iibly. 
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New  Experiments  and 

iibly  they  may  not  be  new  to  you,  as  among  the  numbers 
daily  employed  in  thofe  experiments  on  your  fide  the  wa¬ 
ter,  Jtis  probable  fome  one  or  other  has  hit  on  the  fame  ob¬ 
servations.  For  my  own  part,  I  never  was  before  engaged 
in  any  Study  that  So  totally  engroffed  my  attention  and  my 
time  as  this  has  lately  done  ;  for  what  with  making  expe¬ 
riments  when  I  can  be  alone,  and  repeating  them  to  my 
Friends  and  Acquaintance,  who,  from  the  novelty  of  the 
thing,  come  continually  in  crouds  to  fee  them,  I  have,  du¬ 
ring  fome  months  part,  had  little  leifure  for  any  thing  elfe. 

.  \ 

J  am,  &c. 

B.  FRANKLIN. 


Qbfervatiom  on  Electricity. 


LETTER  II. 

FROM 

Mr  Benj.  Franklin,  in  Philadelphia , 

T  O 

Peter  Collinson,  Efq;  F*  R.  S.  London. 

S  1  R,  July  ii,  1747. 

IN  my  laft  I  informed  you  that,  in  purfuing  our  eledri- 
cal  enquiries,  we  had  obferved  fome  particular  Pheno¬ 
mena,  which  we  looked  upon  to  be  new,  and  of  which  I 
promifed  to  give  you  fome  account,  though  I  apprehended 
they  might  poffibly  not  be  new  to  you,  as  fo  many  hands 
are  daily  employed  in  eledrical  experiments  on  your  fide 
the  water,  fome  or  other  of  which  would  probably  hit  on 
the  fame  obfervations* 

The  firft  is  the  wonderful  effed  of  pointed  bodies,  both  in 
drawing  off  and  throwing  off  the  eledrical  fire.  For  example. 
Place  an  iron  (hot  of  three  or  four  inches  diameter  on  the 
mouth  of  a  clean  dry  glafs  bottle.  By  a  fine  filken  thread 
from  the  cieling,  right  over  the  mouth  of  the  bottle,  fuf- 
pend  a  fmall  cork- ball,  about  the  bignefs  of  a  marble ;  the 

B  2  thread 


4  New  Experiments  and 

thread  of  fuch  a  length,  as  that  the  cork-ball  may  reft 
againft  the  fide  of  the  fhot.  Eledrify  the  fhot,  and  the 
ball  will  be  repelled  to  the  diftance  of  four  or  five  inches, 
more  or  lefs,  according  to  the  quantity  of  Eledricity.— - 
When  in  this  ft  ate,  if  you  prefent  to  the  fhot  the  point  of 
a  long  {lender  (harp  bodkin,  at  fix  or  eight  inches  diftance, 
the  repellency  is  inftantly  deftroy’d,  and  the  cork  flies  to 
the  fhot,  A  blunt  body  mud  be  brought  within  an  inch, 
and  draw  a  fpark,  to  produce  the  fame  effed.  To  prove 
that  the  eledrical  fire  is  drawn  off  by  the  point,  if  you  take 
the  blade  of  the  bodkin  out  of  the  wooden  handle,  and  fix 
it  in  a  flick  of  fealing-wax,  and  then  prefent  it  at  the  dif¬ 
tance  aforefaid,  or  if  you  bring  it  very  near,  no  fuch  effect 
follows  ;  but  Aiding  one  finger  along  the  wax  till  you 
touch  the  blade,  and  the  ball  flies  to  the  fhot  immediately, 
— If  you  prefent  the  point  in  the  dark,  you  will  fee,  fome- 
times  at  a  foot  diftance,  and  more,  a  light  gather  upon  it, 
like  that  of  a  fire- fly,  or  glow-worm  j  the  lefs  fharp  the 
point,  the  nearer  you  muft  bring  it  to  obferve  the  light ; 
and  at  whatever  diftance  you  fee  the  light,  you  may  draw 
off  the  eledrical  fire,  and  deftroy  the  repellency. — If  a 
cork-ball  fo  fufpended  be  repelled  by  the  tube,  and  a  point 
be  prefented  quick  to  it,  tho’  at  a  confiderable  diftance, 
?tis  furprizing  to  fee  how  fuddenly  it  flies  back  to  the  tube. 
Points  of  wood  will  do  near  as  well  as  thofe  of  iron,  provi¬ 
ded  the  wood  is  not  dry ;  for  perfedly  dry  wood  will  no 
more  condud  Eledricity  than  fealing-wax. 


To 
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Obfervations  on  Electricity,  5 

To  foew  that  points  will  throw  of  *  as  well  as  draw  off 
the  electrical  fire  5  lay  a  long  fharp  needle  upon  the  fhot, 
and  you  cannot  eleCtrife  the  fhot,  fo  as  to  make  it  repel  the 
cork-ball  •f*. — Or  fix  a  needle  to  the  end  of  a  fufpended  gun- 
barrel,  or  iron-rod,  fo  as  to  point  beyond  it  like  a  little 
bayonet ;  and  while  it  remains  there,  the  gun-barrel,  or 
rod,  cannot  by  applying  the  tube  to  the  other  end  be  elec- 
trifed  fo  as  to  give  a  fpark,  the  fire  continually  running  out 
filently  at  the  point.  In  the  dark  you  may  fee  it  make  the 
fame  appearance  as  it  does  in  the  cafe  before-mentioned. 

The  repellency  between  the  cork-ball  and  the  {hot  is 
likewife  deftroy’d.  1.  By  lifting  fine  fand  on  it  j  this 
does  it  gradually.  2.  By  breathing  on  it.  3.  By  making 
a  fmoke  about  it  from  burning  wood  J.  4.  By  candle  light, 
even  though  the  candle  is  at  a  foot  difiance  :  thefe  do  it 
fuddenly. — The  light  of  a  bright  coal  from  a  wood  fire  %  and 

*  This  power  of  points  to  throw  off  the  ele&rical  fire,  was  firfl  com¬ 
municated  to  me  by  my  ingenious  friend  Mr  Thomas  Hopkinfon ,  fince 
deceafed,  whofe  virtue  and  integrity,  in  every  ftation  of  life,  public  and 
private,  will  ever  make  his  Memory  dear  to  thofe  who  knew  him,  and 
knew  how  to  value  him. 

f  This  was  Mr  Hopkinfon’ s  Experiment,  made  with  an  expe&ation  of 
drawing  a  more  fharp  and  powerful  fpark  from  the  point,  as  from  a  kind 
of  focus,  and  he  was  furprized  to  find  little  or  none. 

J  We  fuppofe  every  particle  of  fand,  moifture,  or  fmoke,  being  firft  at¬ 
tracted  and  then  repelled,  carries  off  with  it  a  portion  of  the  ele&rical  fire  ; 
but  that  the  fame  ftill  fubfifts  in  thofe  particles,  till  they  communicate  it 

to  fomething  elfe,  and  that  it  is  never  really  deftroyed.-: - So  when 

water  is  thrown  on  common  fire,  we  do  not  imagine  the  element  is  thereby 
deftroyed  or  annihilated,  but  only  difperfed,  each  particle  of  water  carrying 
off  in  vapour  its  portion  of  the  fire,  which  it  had  attra&ed  and  attached  to 
itfelf. 


; 
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the  light  of  red-hot  iron  do  it  likewife  5  but  not  at  fa  great 
a  diftance.  Smoke  from  dry  rofin  dropt  on  hot  iron,  does 
not'deflroy  the  repellency-  but  is  attradled  by  both  fhot 
and  cork-ball,  forming  proportionable  atmofpheres  round 
them,  making  them  look  beautifully,  fomewhat  like  fome 
of  the  figures  in  Burnet' s  or  Whiflori  s  theory  of  the  earth. 

N 1  B.  This  experiment  fhould  be  made  in  a  ciofet, 
where  the  air  is  very  flill,  or  it  will  be  apt  to  fail. 

The  light  of  the  fun  thrown  ftrongly  on  both  cork  and 
fhot  by  a  looking-glafs  for  a  long  time  together,  does  not 
impair  the  repellency  in  the  leaf!:.  This  difference  between 
fire-light  and  fun-light  is  another  thing  that  fee  ms  new 
and  extraordinary  to  us 

We  had  for  fome  time  been  of  opinion,  that  the  ele&ri- 
cal  fire  was  not  created  by  fri&ion,  but  colle&ed,  being 
really  an  element  diffus’d  among,  and  attracted  by  other 

matter,  particularly  by  water  and  metals.  We  had  even 
difcovered  and  demonflrated  its  afflux  to  the  eledrical 
fphere,  as  well  as  its  efflux,  by  means  of  little  light  wind¬ 
mill  wheels  made  of  ftiff  paper  vanes,  fixed  obliquely  and 
turning  freely  on  fine  wire  axes.  Alfo  by  little  wheels  of 
the  fame  matter,  but  formed  like  water-wheels.  Of  the 

*  This  different  Effed  probably  did  not  arife  from  any  difference  in 
the  light,  but  rather  from  the  particles  feparated  from  the  candle,  being  firft 
attraded  and  then  repelled,  carrying  off  the  eledric  matter  with  them; 
and  from  the  rarefying  the  air,  between  the  glowing  coal  or  red-hot  iron, 
and  the  eledrifed  fhot,  through  which  Tariffed  air  the  eledric  fluid  could 
more  readily  pafs. 

dif- 
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difpofition  and  application  of  which  wheels,  and  the  various 
phenomena  refulting,  I  could,  if  I  had  time,  fill  you  a 
fheet  'f.  The  impoffibility  of  eledrifing  one's  felf  (though 
{landing  on  wax)  by  rubbing  the  tube,  and  drawing  the 
fire  from  it  ;  and  the  manner  of  doing  it,  by  palling  the 
tube  near  a  perfon  or  thing  {landing  on  the  floor,  &c.  had 
alfo  occurred  to  us  fome  months  before  Mr  Watfon' s  inge¬ 
nious  Sequel  came  to  hand,  and  thefe  were  fome  of  the 
new  things  I  intended  to  have  communicated  to  you.™ 
But  now  I  need  only  mention  fome  particulars  not  hinted 
in  that  piece,  with  our  reafonings  thereupon ;  though  per¬ 
haps  the  latter  might  well  enough  be  fpared . 

1.  A  perfon  {landing  on  wax,  and  rubbing  the  tube,  and 
another  perfon  on  wax  drawing  the  fire,  they  will  both  of 
them,  (provided  they  do  not  {land  fo  as  to  touch  one  ano¬ 
ther)  appear  to  be  eledrifed,  to  a  perfon  {landing  on  the 
floor  •  that  is,  he  will  perceive  a  fpark  on  approaching  each 
of  them  with  his  knuckle. 

2.  But  if  the  perfons  on  wax  touch  one  another  during 
the  exciting  of  the  tube,  neither  of  them  will  appear  to  be 
eledrifed. 

3.  If  they  touch  one  another  after  exciting  the  tube, 
and  drawing  the  fire  as  aforefaid,  there  will  be  a  ftronger 

f  Thefe  experiments  with  the  wheels  were  made  and  communicated  to 
me  by  my  worthy  and  ingenious  friend  Mr  Philip  Syng  ;  but  we  after¬ 
wards  difcovered  that  the  motion  of  thofe  wheels  was  not  owing  to  any  af¬ 
flux  or  efflux  of  the  eleCtric  fluid,  but  to  various  circumftances  of  attraction 
and  repulfion. ,  1750. 
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fpark  between  them,  than  was  between  either  of  them  and 
the  perfon  on  the  floor. 

4.  After  fuch  ftrong  fpark,  neither  of  them  difcover 
any  electricity. 

Thefe  appearances  we  attempt  to  account  for  thus :  We 
fuppofe,  as  aforefaid,  that  eledrical  fire  is  a  common  ele¬ 
ment,  of  which  every  one  of  the  three  perfons  abovemen- 
tioned  has  his  equal  fhare,  before  any  operation  is  begun 
with  the  tube.  Ay  who  flands  on  wax  and  rubs  the  tube, 
colleds  the  eledrical  fire  from  himfelf  into  the  glafs ;  and 
his  communication  with  the  common  flock  being  cut  off 
by  the  wax,  his  body  is  not  again  immediately  fupply’d* 
By  (who  flands  on  wax  likewife)  pafiing  his  knuckle  along 
near  the  tube,  receives  the  fire  which  was  colleded  by  the 
glafs  from  Ay  and  his  communication  with  the  common 
flock  being  likewife  cut  off,  he  retains  the  additional  quan¬ 
tity  received. — To  C,  Handing  on  the  floor,  both  appear 
to  be  eledrifed :  for  he  having  only  the  middle  quantity 
of  eledrical  fire,  receives  a  fpark  upon  approaching  By  who 
has  an  over  quantity  ;  but  gives  one  to  A%  who  has  an  un¬ 
der  quantity.  If  A  and  B  approach  to  touch  each  other, 
the  fpark  is  flronger,  becaufe  the  difference  between  them 
is  greater  :  After  fuch  touch  there  is  no  fpark  between  ei¬ 
ther  of  them  and  C,  becaufe  the  eledrical  fire  in  all  is  re¬ 
duced  to  the  original  equality.  If  they  touch  while  elec- 
trifing,  the  equality  is  never  deflroy’d,  the  fire  only  circu¬ 
lating,  Hence  have  arifen  fome  new  terms  among  us : 
we  fay,  J5,  (and  bodies  like  circumflanced)  is  eledrifed 

pofitively  $ 
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pojitively  ;  A>  negatively .  Or  rather,  5  is  eledrifed  plus ; 
A>  minus .  And  we  daily  in  our  experiments  eledrife 
bodies  plus  or  minus ,  as  we  think  proper. — -To  eledrife 
plus  or  minus ,  no  more  needs  to  be  known  than  this,  that 
the  parts  of  the  tube  or  fphere  that  are  rubbed,  do,  in  the 
inflant  of  the  fridion,  attrad  the  eledrical  fire,  and  there¬ 
fore  take  it  from  the  thing  rubbing  :  the  fame  parts  imme¬ 
diately,  as  the  fridion  upon  them  ceafes,  are  difpofed  to 
give  the  fire  they  have  received,  to  any  body  that  has  lefs. 
Thus  you  may  circulate  it,  as  Mr  Watjon  has  fhewn ;  you 
may  alfo  accumulate  or  fubtrad  it  upon,  or  from  any  body, 
as  you  conned  that  body  with  the  rubber  or  with  the  re¬ 
ceiver,  the  communication  with  the  common  flock  being 
cut  off.  We  think  that  ingenious  gentleman  was  deceived 
when  he  imagined  (in  his  Sequel)  that  the  eledrical 
fire  came  down  the  wire  from  the  cieling  to  the  gun- 
barrel,  thence  to  the  fphere,  and  fo  eledrifed  the  machine 
and  the  man  turning  the  wheel,  &c .  We  fuppofe  it  was 
driven  off,  and  not  brought  on  through  that  wire  ;  and  that 
the  machine  and  man,  &c ,  were  eledrifed  minus  ;  i,  e.  had 
lefs  eledrical  fire  in  them  than  things  in  common. 

As  the  veffel  is  juft  upon  failing,  I  cannot  give  you  fa 
large  an  account  of  American  Eledricity  as  I  intended :  I 
fhall  only  mention  a  few  particulars  more. — -We  find  gra¬ 
nulated  lead  better  to  fill  the  phial  with,  than  water,  being 
eafily  warmed,  and  keeping  warm  and  dry  in  damp  air.— 
We  fire  fpirits  with  the  wire  of  the  phial. — *We  light 
candles,  juft  blown  out,  by  drawing  a  fpark  among  the 

C  fmoka 
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fmoke  between  the  wire  and  fnuflfers.  —  We  reprefent 
lightning,  by  paffing  the  wire  in  the  dark,  over  a  china 
plate  that  has  gilt  flowers,  or  applying  it  to  gilt  frames  of 
looking-glades,  &c.  We  eledtrife  a  perfcn  twenty  or 
more  times  running,  with  a  touch  of  the  finger  on  the 
wire,  thus  :  He  (lands  on  wax.  Give  him  the  eledtrifed 
bottle  in  his  hand.  Touch  the  wire  with  your  finger,  and 
then  touch  his  hand  or  face  ;  there  are  fparks  every 
time  — We  increafe  the  force  of  the  eledtrical  kifs  vaflly, 
thus  :  Let  A  and  B  (land  on  wax ;  or  A  on  wax,  and  B 
on  the  floor ;  give  one  of  them  the  eledtrifed  phial  in 
hand  $  let  the  other  take  hold  of  the  wire  ;  there  will  be  a 
fmall  fpark ;  but  when  their  lips  approach,  they  will  be 
(truck  and  (hock’d.  The  fame  if  another  gentleman  and 
lady,  C  and  D,  (landing  alfo  on  wax,  and  joining  hands 
with  A  and  B ,  falute  or  (hake  hands.  We  fufpend  by 
fine  filk  thread  a  counterfeit  fpider,  made  of  a  fmall  piece 
of  burnt  cork,  with  legs  of  linnen  thread,  and  a  grain  or 
two  of  lead  fluck  in  him*  to  give  him  more  weight.  Upon 
the  table  over  which  he  hangs,  we  flick  a  wire  upright,  as 
high  as  the  phial  and  ware,  two  or  three  inches  from  the 
fpider  :  then  we  animate  him,  by  fetting  the  eledtrified 
phial  at  the  fame  diflance  on  the  other  fide  of  him  •  he 
will  immediately  fly  to  the  wire  of  the  phial,  bend  his  legs 

*  By  taking  a  fpark  from  the  wire,  the  electricity  within  the  bottle  is 
diminifhed  ;  the  outfide  of  the  bottle  then  draws  fome  from  the  perfon 
holding  it,  and  leaves  him  in  the  negative  ftate.  Then  when  his  hand  or 
face  is  touch’d,  an  equal  quantity  is  reilored  to  him  from  the  perfon  touch¬ 
ing. 

in 
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in  touching  it  5  then  fpring  off,  and  fly  to  the  wire  in  the 
table  ;  thence  again  to  the  wire  of  the  phial,  playing  with 
his  legs  againft  both,  in  a  very  entertaining  manner,  ap¬ 
pearing  perfectly  alive  to  perfons  unacquainted.  He  wiij. 
continue  this  motion  an  hour  or  more  in  dry  weather. — We 
eledtrifv ,  upon  wax  in  the  dark,  a  book  that  has  a  double 
line  of  gold  round  upon  the  covers,  and  then  apply  a 
knuckle  to  the  gilding  ;  the  fire  appears  every  where  upon 
the  gold  like  a  flafli  of  lightning  :  not  upon  the  leather, 
nor,  if  you  touch  the  leather  inftead  of  the  gold.  We  mb 
our  tubes  with  buckfkin,  and  obferve  always  to  keep  the 
fame  fide  to  the  tube,  and  never  to  fully  the  tube  by  hand¬ 
ling  ;  thus  they  work  readily  and  eafily,  without  the  leaft 
fatigue,  efpecially  if  kept  in  tight  pafteboard  cafes,  lined 
with  flannel,  and  fitting  clofe  to  the  tube  *.  This  I  men¬ 
tion  becaufe  the  European  papers  on  Elediricity,  frequently 
fjpeak  of  rubbing  the  tube,  as  a  fatiguing  exerciie.  Our 
ipheres  are  fixed  on  iron  axes,  which  pafs  through  them. 
At  one  end  01  the  axis  there  is  a  fmall  handle,  with  which 
you  turn  the  fphere  like  a  common  grindftone.  This  we 
find  very  commodious,  as  the  machine  takes  up  but  little 
room,  is  portable,  and  may  be  enclofed  in  a  tight  box,  when 
not  in  ufe.  Tis  true,  the  fphere  does  not  turn  fo  fwift  as 
when  the  great  wheel  is  ufed  :  but  fwiftnefswe  think  of  little 
importance,  fince  a  few  turns  will  charge  the  phial, 
fufficiently  f .  j amy  &c.  B.  FRANKLIN. 

r  *  Our  tubes  are  made  here  of  green  glafs,  27  or  30  inches  long,  as  big 
as  can  be  grafped,  /  0  &  0 

t  This  Ample  eafily -made  machine  was  a  contrivance  of  Mr  S>w/s. 
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LETTER  III. 


FROM 


Benj.  Franklin,  Efq-,  at  Philadelphia , 

T  O 

Peter  Collinson,  F.  R.  S.  London . 


SIR,  Sept,  x,  1747. 

TH  E  neceffary  trouble  of  copying  long  letters,  which, 
perhaps,  when  they  come  to  your  hands,  may  con¬ 
tain  nothing  new,  or  worth  your  reading,  (fo  quick  is  the 
progrefs  made  with  you  in  Eledtricity)  half  difcourages 
me  from  writing  any  more  on  that  fubjedt.  Yet  I  cannot 
forbear  adding  a  few  obfervations  on  M.  Mufchenbroek' s 
wonderful  bottle* 

1.  The  non-eledtric  contain’d  in  the  bottle  differs  when 
eledtrifed  from  a  non-eledtric  eledtrifed  out  of  the  bottle,  in 
this :  that  the  eledtrical  fire  of  the  latter  is  accumulated  on 
itsfurface ,  and  forms  an  eledtrical  atmofphere  round  it  of 

con- 
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confiderable  extent ;  but  the  electrical  fire  is  crowded  into 
the  fubftance  of  the  former,  the  glafs  confining  it  * 

2.  At  the  fame  time  that  the  wire  and  top  of  the  bot¬ 
tle,  &c.  is  eleCtrifed  pofitively  or  plus ,  the  bottom  of  the 
bottle  is  eleCtrifed  negatively  or  minus ,  in  exaft  propor¬ 
tion  :  i.  e.  whatever  quantity  of  ele&rical  fire  is  thrown 
in  at  top,  an  equal  quantity  goes  out  of  the  bottom  f.  To 
underftand  this,  fuppofe  the  common  quantity  of  eledri- 
city  in  each  part  of  the  bottle,  before  the  operation  begins, 
is  equal  to  20  ;  and  at  every  ftroke  of  the  tube,  fuppofe  a 
quantity  equal  to  1  is  thrown  in ;  then,  after  the  firft 
ftroke,  the  quantity  contain’d  in  the  wire  and  upper  part 
of  the  bottle  will  be  21,  in  the  bottom  19.  After  the 
fecond,  the  upper  part  will  have  22,  the  lower  18,  and 
fo  on,  till,  after  20  ftrokes,  the  upper  part  will  have  a  quan¬ 
tity  of  eledrical  fire  equal  to  40,  the  lower  part  none  : 
and  then  the  operation  ends :  for  no  more  can  be  thrown 
into  the  upper  part,  when  no  more  can  be  driven  out  of  the 
lower  part.  If  you  attempt  to  throw  more  in,  it  is  fpued 
back  through  the  wire,  or  flies  out  in  loud  cracks  through 

the  Aides  of  the  bottle. 

3.  The  equilibrium  cannot  be  reftored  in  the  bottle  by 
inward  communication  or  contaCt  of  the  parts  ;  but  it 
muft  be  done  by  a  communication  form’d  without  the 

*  See  this  opinion  re£tified  in  Letter  IV..  §  16  and  17.  The  fire  in 
the  bottle  was  found  by  fubfequent  experiments  not  to  be  contained  in  the 

non-eledfric,  but  in  the  glafs.  1748.  . 

a  What  is  faid  here,  and  after,  of  the  top  and  bottom  of  the  bottle,  is 

true  of  the  inffde  and  outfide  furfaces,  and  fhould  have  been  fo  exprelled. 

bottle 
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battle  between  the  top  and  bottom,  by  fome  non-eledtric, 
touching  or  approaching  both  at  the  fame  time  ;  in  which 
cafe  it  is  reftored  with  a  violence  and  quicknefs  inexpreffi- 
ble  ;  or>  touching  each  alternately,  in  which  cafe  the  equi¬ 
librium  is  reftored  by  degrees. 

4.  As  no  more  eledhical  fire  can  be  thrown  into  the 
top  of  the  bottle,  when  all  is  driven  out  of  the  bottom, 
fo  in  a  bottle  not  yet  electrifed,  none  can  be  thrown  into 
the  top,  when  none  can  get  out  at  the  bottom  y  which 
happens  either  when  the  bottom  is  too  thick,  or  when 
the  bottle  is  placed  on  an  eledtric  per  fe.  Again,  when 
the  bottle  is  eledtrifed,  but  little  of  the  eledtrical  fire  can 
be  drawn  out  from  the  top,  by  touching  the  wire,  unlefs 
an  equal  quantity  can  at  the  fame  time  get  in  at  the  bot¬ 
tom  *.  Thus,  place  an  eledtrifed  bottle  on  clean  glafs  or 
dry  wax,  and  you  will  not,  by  touching  the  wire,  get  out 
the  fire  from  the  top.  Place  it  on  a  non-eledtric,  and 
touch  the  wire,  you  will  get  it  out  in  a  fliort  time  but 
fooneft  when  you  form  a  diredt  communication  as  above. 
So  wonderfully  are  thefe  two  ftates  of  Eledtricity,  the 
plus  and  minus ,  combined  and  balanced  in  this  miraculous 
bottle  !  fituated  and  related  to  each  other  in  a  manner  that 
I  can  by  no  means  comprehend  !  If  it  were  poflible  that  a 
bottle  fhould  in  one  part  contain  a  quantity  of  air  ftrongly 
comp-reft,  and  in  another  part  a  perfedt  vacuum,  we  know 
the  equilibrium  would  be  inftantly  reftored  within .  But 

*  See  the  preceding  note,  relating  to  top  and  bottom . 

here 
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here  we  have  a  bottle  containing  at  the  fame  time  &  plenum 
of  electrical  fire,  and  a  vacuum  of  the  fame  fire ;  and  yet 
the  equilibrium  cannot  be  reftored  between  them  but  by 
a  communication  without  !  though  the  plenum  preffes  vio« 
lently  to  expand,  and  the  hungry  vacuum  feems  to  attrad 
as  violently  in  order  to  be  filled. 

5.  The  fhock  to  the  nerves  (or  convulfion  rather)  is  oc~ 
cafioned  by  the  fudden  pafiing  of  the  fire  through  the 
body  in  its  way  from  the  top  to  the  bottom  of  the  bottle* 
The  fire  takes  the  fhortefi:  courfe,  as  Mr  Watfon  juftly 
obferves :  But  it  does  not  appear  from  experiment  that 
in  order  for  a  perfon  to  be  fhocked,  a  communication 
with  the  floor  is  neceflary  :  for  he  that  holds  the  bottle 
with  one  hand,  and  touches  the  wire  with  the  other,  will 
be  fhock’d  as  much,  though  his  fhoes  be  dry,  or  even 
ftanding  on  wax,  as  otherwife.  And  on  the  touch  of 
the  wire  (or  of  the  gun  -barrel,  which  is  the  fame  thing) 
the  fire  does  not  proceed  from  the  touching  finger  to  the 
wire,  as  is  fuppofed,  but  from  the  wire  to  the  finger* 
and  paffes  through  the  body  to  the  other  hand,  and  fo  into 
the  bottom  of  the  bottle. 

Experiments  confirming  the  above . 

EXPERIMENT  I. 

Place  an  eledrifed  phial  on  wax ;  a  fmall  cork-ball 
fufpended  by  a  dry  filk-thread  held  in  your  hand,  and 

brought 
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brought  near  to  the  wire,  will  firft  be  attracted,  and  then 
repelled  :  when  in  this  ftate  of  repellency,  fink  your 
hand,  that  the  ball  may  be  brought  towards  the  bottom  of 
the  bottle  ^  it  will  be  there  inftantly  and  ftrongly  attracted, 
'till  it  has  parted  with  its  fire. 

If  the  bottle  had  a  pofitive  eledtrical  atmofphere,  as  well 
as  the  wire,  an  electrified  cork  would  be  repelled  from  one 

as  well  as  from  the  other. 

* 

EXPERIMENT  II. 

\  *  •  ;  _v  . 

Fig.  i.  From  a  bent  wire  (a)  flicking  in  the  table,  let 
a  fmall  linen  thread  ( b )  hang  down  within  half  an  inch  of 
the  eledtrifed  phial  (c).  Touch  the  wire  of  the  phial  re¬ 
peatedly  with  your  finger,  and  at  every  touch  you  will  fee 
the  thread  inftantly  attracted  by  the  bottle.  (This  is  beft 
done  by  a  vinegar  cruet,  or  fome  fuch  belly ’d  bottle.)  As 
foon  as  you  draw  any  fire  out  from  the  upper  part,  by 
touching  the  wire,  the  lower  part  of  the  bottle  draws  an 
equal  quantity  in  by  the  thread. 

EXPERIMENT  III. 

Fig.  2.  Fix  a  wire  in  the  lead,  with  which  the  bottom 
of  the  bottle  is  armed  ( d )  fo  as  that  bending  upwards,  its 
ring-end  may  be  level  with  the  top  or  ring-end  of  the  wire 
in  the  cork  (*).,  and  at  three  or  four  inches  diftance.  Then 
eledtricife  the  bottle,  and  place  it  on  wax.  If  a  cork  fuf- 
pendedby  a  filk  thread  ())  hang  between  thefe  two  wires, 
it  will  play  inceffantly  from  one  to  the  other,  'till  the  bottle 
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Is  no  longer  eledrifed  ;  that  is,  it  fetches  and  carries  fire 
from  the  top  to  the  bottom*  of  the  bottle,  'till  the  equili¬ 
brium  is  reflored. 

EXPERIMENT  IV, 

Fig.  3.  Place  an  eledrifed  phial  on  wax ;  take  a  wire 
(g)  in  form  of  a  C,  the  ends  at  fuch  a  diftance  when  bent, 
as  that  the  upper  may  touch  the  wire  of  the  bottle,  when 

S' 

the  lower  touches  the  bottom  :  flick  the  outer  part  on  a 
flick  of  fealing-wax  (A),  which  will  ferve  as  a  handle ; 
then  apply  the  lower  end  to  the  bottom  of  the  bottle, 
and  gradually  bring  the  upper  end  near  the  wire  in  the 
cork.  The  confequence  is,  fpark  follows  fpark  till  the 
equilibrium  is  reflored.  Touch  the  top  firfl,  and  on  ap¬ 
proaching  the  bottom  with  the  other  end,  you  have  a  con- 
flant  flream  of  fire  from  the  wire  entering  the  bottle. 
Touch  the  top  and  bottom  together,  and  the  equilibrium 
will  inftantly  be  reflored  ;  the  crooked  wire  forming  the 
communication. 

EXPERIMENT  V. 

Fig.  4.  Let  a  ring  of  thin  lead,  or  paper,  furround  a 
bottle  (/')  even  at  fome  diftance  from  or  above  the  bottom. 
From  that  ring  let  a  wire  proceed  up,  till  it  touch  the 
wire  of  the  cork  (k).  A  bottle  fo  fixt  cannot  by  any  means 
be  eledtrifed  :  the  equilibrium  is  never  deftroyed  :  for 

*  i.  e.  from  the  infide  to  the  outiide. 
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while  the  communication  between  the  upper  and  lower 
parts  of  the  bottle  is  continued  by  the  outfide  wire,  the 
fire  only  circulates  :  what  is  driven  out  at  bottom,  is  con- 
ilantly  fupply'd  from  the  top  *f\  Hence  a  bottle  cannot 
be  electrifed  that  is  foul  or  moift  on  the  outfide,  if  fuch 
moifliire  continue  up  to  the  cork  or  wire. 

EXPERIMENT  VI. 

Place  a  man  on  a  cake  of  wax,  and  prefent  him  the  wire 
of  the  electrified  phial  to  touch,  you  {landing  on  the  floor, 
and  holding  it  in  your  hand.  As  often  as  he  touches  it,  he 
will  be  electrified  plus  $  and  any  one  {landing  on  the  floor 
may  draw  a  fpark  from  him.  The  fire  in  this  experiment 
pafles  out  of  the  wire  into  him  ;  and  at  the  fame  time  out 
of  your  hand  into  the  bottom  of  the  bottle* 

EXPERIMENT  VII. 

Give  him  the  electrical  phial  to  hold  $  and  do  you  touch 
the  wire  as  often  as  you  touch  it  he  will  be  electrified 
minus ,  and  may  draw  a  fpark  from  any  one  {landing  on 
the  floor.  The  fire  now  pafles  from  the  wire  to  you,  and 
from  him  into  the  bottom  of  the  bottle. 

EXPERIMENT  VIII. 

Lay  two  books  on  two  glafles,  back  towards  back,  two 
or  three  inches  diftant*  Set  the  electrified  phial  on  one* 
and  then  touch  the  wire  ;  that  book  will  be  electrified 


%  See  the  preceding  note. 


minus 


f 


Obfervations  on  Electricity*  xg 

minus  ;  the  electrical  fire  being  drawn  out  of  it  by  the  bot¬ 
tom  of  the  bottle.  Take  off  the  bottle,  and  holding  it  in 
your  hand,  touch  the  other  with  the  wire  ;  that  book  will 
be  eleCtrifed  plus  5  the  fire  pafilng  into  it  from  the  wire, 
and  the  bottle  at  the  fame  time  fupplied  from  your  hand. 

A  fufpended  fmall  cork-ball  will  play  between  thefe  books 
3till  the  equilibrium  is  reflored. 

EXPERIMENT  IX. 

When  a  body  is  eleCtrifed  plus ,  it  will  repel  an  electrified 
feather  or  fmall  cork-ball.  When  minus  (or  when  in  the 
common  ftate)  it  will  attract  them,  but  flronger  when  minus 
than  when  in  the  common  ftate,  the  difference  being  greater. 

EXPERIMENT  X. 

Though,  as  in  Experiment  VI.  a  man  {landing  on  wax 
may  be  eleCtrifed  a  number  of  times  by  repeatedly  touching 
the  wire  of  an  eleCtrifed  bottle  (held  in  the  hand  of  one 
{landing  on  the  floor)  he  receiving  the  fire  from  the  wire 
each  time  :  yet  holding  it  in  his  own  hand,  and  touching 
the  wire,  though  he  draws  a  flrong  fpark,  and  is  violently 
fhocked,  no  EleCtricity  remains  in  him  ;  the  fire  only  paf- 
fing  through  him,  from  the  upper  to  the  lower  part  of  the 
bottle.  Obferve,  before  the  fhock,  to  let  fome  one  on  the 
floor  touch  him  to  reflore  the  equilibrium  in  his  body  ; 
for  in  taking  hold  of  the  bottom  of  the  bottle,  he  fome- 
times  becomes  a  little  eleCtrifed  minus ,  which  will  continue 

after  the  fliock,  as  would  alfo  any  plus  Electricity,  which 

D  2  he 
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he  might  have  given  him  before  the  (hock.  For,  reftoring 
the  equilibrium  in  the  bottle,  does  not  at  all  aflfedl  the  E~ 
Jedlricity  in  the  man  through  whom  the  fire  paflfes  •>  that* 

Eledtricity  is  neither  increafed  nor  diminifhed. 

\ 

EXPERIMENT  XI. 

The  palling  of  the  electrical  fire  from  the  upper  to  the 
lower  part*  of  the  bottle,  to  reftore  the  equilibrium,  is  ren¬ 
dered  ftrongly  vifible  by  the  following  pretty  experiment. 
Take  a  book  whofe  covering  is  filletted  with  gold  ;  bend 
a  wire  of  eight  or  ten  inches  long,  in  the  form  of  (m) 
Fig.  5.  flip  it  on  the  end  of  the  cover  of  the  book,  over 
the  gold  line,  fo  as  that  the  fhoulder  of  it  may  prefs  upon 
one  end  of  the  gold  line,  the  ring  up,  but  leaning  towards 
the  other  end  of  the  book.  Lay  the  book  on  a  glafs  or  wax, 
and  on  the  other  end  of  the  gold  lines  fet  the  bottle  elec- 
trifed  ;  then  bend  the  fpringing  wire,  by  prefiing  it  with  a 
flick  of  wax  till  its  ring  approaches  the  ring  of  the  bottle 
wire,  inftantly  there  is  a  llrong  fpark  and  ftroke,  and  the 
whole  line  of  gold,  which  completes  the  communication, 
between  the  top  and  bottom  of  the  bottle,  will  appear  a 
vivid  flame,  like  the  fharpefl  lightning.  The  clofer  the 
contadl  between  the  (houlder  of  the  wire,  and  the  gold  at 
one  end  of  the  line,  and  between  the  bottom  of  the  bottle 
and  the  gold  at  the  other  end,  the  better  the  experiment 
iucceeds.  The  room  fhould  be  darkened.  If  you  would 


*  e.  from  the  inftde  to  the  out  fide. 
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have  the  whole  filletting  round  the  cover  appear  in  fire  at 
once,  let  the  bottle  and  wire  touch  the  gold  in  the  diago¬ 
nally  oppofite  corners. 

I  am ,  &  c . 

B,  FRANKLIN. 


LETTER  IV. 

FROM 

Benj.  Franklin,  EJq,  in  Philadelphia, 

T  O 

Peter  Collinson,  Efq;  F.  R.  S.  London. 

Farther  Experiments  and  Observations  in 

ELECTRICITY. 

S  1  R,  1748. 

§  I-  ^  1  aHERE  will  be  the  fame  explofion  and  fhock 
JL  if  the  electrified  phial  is  held  in  one  hand  by 

the  hook,  and  the  coating  touch’d  with  the  other,  as  when 
held  by  the  coating,  and  touch’d  at  the  hook. 


2.  To 
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2.  To  take  the  charg’d  phial  fafely  by  the  hook,  and 
not  at  the  fame  time  diminifii  its  force,  it  mu  ft  firft  be  fet 
down  on  an  electric  per  fe. 

3.  The  phial  will  be  eleftrified  as  ftrongly,  if  held  by 
the  hook,  and  the  coating  apply’d  to  the  globe  or  tube  ; 
as  when  held  by  the  coating,  and  the  hook  apply’d 

4.  But  the  direction  of  the  electrical  fire  being  different 
in  the  charging,  will  alfo  be  different  in  the  explofion* 
The  bottle  charged  through  the  hook,  will  be  difcharged 
through  the  hook  ,  the  bottle  charged  through  the  coat¬ 
ing,  will  be  difcharged  through  the  coating,  and  not  other- 
ways  ;  for  the  fire  muft  come  out  the  fame  way  it  went  in. 

5.  To  prove  this,  take  two  bottles  that  were  equally 
charged  through  the  hooks,  one  in  each  hand  :  bring  their 
hooks  near  each  other,  and  no  fpark  or  (hock  will  follow; 
becaufe  each  hook  is  difpofed  to  give  fire,  and  neither  to 
receive  it.  Set  one  of  the  bottles  down  on  glafs,  take  it  up 
by  the  hook,  and  apply  its  coating  to  the  hook  of  the 
other  ;  then  there  will  be  an  explofion  and  fhock,  and 
both  bottles  will  be  difcharged. 

6.  Vary  the  experiment,  by  charging  two  phials  equally, 
one  through  the  hook,  the  other  through  the  coating  ;  hold 
that  by  the  coating  which  was  charged  through  the  hook  ; 
and  that  by  the  hook  which  was  charged  through  the 
coating :  apply  the  hook  of  the  firft  to  the  coating  of  the 

*  This  was  a  Difcovery  of  the  very  ingenious  Mr  KinntrJIey’s,  and  by 
him  communicated  to  me. 

other, 
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other,  and  there  will  be  no  (hock  or  fpark.  Set  that  down 
on  glafs  which  you  held  by  the  hook,  take  it  up  by  the 
coating,  and  bring  the  two  hooks  together :  a  fpark  and 
ihock  will  follow,  and  both  phials  be  difcharged. 

In  this  experiment  the  bottles  are  totally  difcharged,  or 
the  equilibrium  within  them  reftored.  The  abounding  of 
fire  in  one  of  the  hooks  (or  rather  in  the  internal  furface  of 
one  bottle  (being  exactly  equal  to  the  wanting  of  the  other : 
and  therefore,  as  each  bottle  has  in  itfelf  the  abounding  as 
well  as  the  wanting,  the  wanting  and  abounding  muft  be 
equal  in  each  bottle.  See  §.  8,9,  10,  n.  But  if  a  man 
holds  in  his  hands  two  bottles,  one  fully  electrified,  the 
other  not  at  all,  and  brings  their  hooks  together,  he  has 
but  half  a  fhock,  and  the  bottles  will  both  remain  half  e- 
le&rified,  the  one  being  half  difcharged,  and  the  other  half 
charged. 

7.  Place  two  phials  equally  charged  on  a  table  at  five  or 
fix  inches  diftance.  Let  a  cork-ball,  fufpended  by  a  filk 
thread,  hang  between  them.  If  the  phials  were  both 
charged  through  their  hooks,  the  cork,  when  it  has  been 
attracted  and  repelled  by  the  one,  will  not  be  attracted,  but 
equally  repelled  by  the  other.  But  if  the  phials  were 
charged,  the  one  through  the  hook,  and  the  other  *  through 
the  coating,  the  ball,  when  it  is  repelled  from  one  hook. 


*  To  charge  a  bottle  commodioufly  through  the  coating,  place  it  on 
a  glafs  ftand  ;  form  a  communication  from  the  prime  condudfor  to  the 
coating,  and  another  from  the  hook  to  the  wall  or  floor.  When  it  is 
charged,  remove  the  latter  communication  before  you  take  hold  of  the 
bottle,  other  wife  great  part  of  the  fire  will  efcape  by  it. 

wil! 
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be  as  ftrongly  attraded  by  the  other,  and  play  vlgoroufly 
between  them,  till  both  phials  are  nearly  difcharged. 

8.  When  we  ufe  the  terms  of  charging  and  difcharging 
the  phial,  it  is  in  compliance  with  cuftom,  and  for  want  of 
others  more  fuitable.  Since  we  are  of  opinion  that  there 
is  really  no  more  eledrical  fire  in  the  phial  after  what  is 
called  its  charging ,  than  before,  nor  lefs  after  its  difcharging ; 
excepting  only  the  fmall  fpark  that  might  be  given  to, 

and  taken  from  the  non-eledric  matter,  if  feparated  from 

* 

the  bottle,  which  fpark  may  not  be  equal  to  a  five  hun¬ 
dredth  part  of  what  is  called  the  explofion. 

For  if,  on  the  explofion,  the  eledrical  fire  came  out  of 
the  bottle  by  one  part,  and  did  not  enter  in  again  by  ano¬ 
ther,  then,  if  a  man,  Handing  on  wax,  and  holding  the  bot¬ 
tle  in  one  hand,  takes  the  fpark  by  touching  the  wire  hook 
with  the  other,  the  bottle  being  thereby  difcharged ,  the 
man  would  be  charged  ;  or  whatever  fire  was  loft  by  one, 
would  be  found  in  the  other,  fince  there  was  no  way  for 
itsefcape  :  But  the  contrary  is  true. 

9.  Befides,  the  phial  will  not  fuffer  what  is  called  a 
charging ,  unlefs  as  much  fire  can  go  out  of  it  one  way,  as 
is  thrown  in  by  another.  A  phial  cannot  be  charged 
Handing  on  wax  or  glafs,  or  hanging  on  the  prime  con- 
dudor,  unlefs  a  communication  be  formed  between  its 
coating  and  the  floor. 

10.  But  fufpend  two  or  more  phials  on  the  prime  con- 
dudor,  one  hanging  to  the  tail  of  the  other ;  and  a  wire 
from  the  lafl  to  the  floor,  an  equal  number  of  turns  of  the 

wheel 
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wheel  fhall  charge  them  all  equally,  and  every  one  as 
much  as  one  alone  would  have  been.  What  is  driven  out 
at  the  tail  of  the  firft,  ferving  to  charge  the  fecond  •  what 
is  driven  out  of  the  fecond  charging  the  third  ;  and  fo  on. 
By  this  means  a  great  number  of  bottles  might  be  charged 
with  the  fame  labour,  and  equally  high,  with  one  alone, 
were  it  not  that  every  bottle  receives  new  fire,  and  lofes 
its  old  with  fome  reluctance,  or  rather  gives  fome  fmall  re¬ 
finance  to  the  charging,  which  in  a  number  of  botttles  be¬ 
comes  more  equal  to  the  charging  power,  and  fo  repels  the 
fire  back  again  on  the  globe,  fooner  than  a  fingle  bottle 
would  do. 

11.  When  a  bottle  is  charged  in  the  common  way,  its 
infide  and  outjide  furfaces  fland  ready,  the  one  to  give  fire 
by  the  hook,  the  other  to  receive  it  by  the  coating  ;  the 
one  is  full,  and  ready  to  throw  out,  the  other  empty  and 
extremely  hungry  $  yet  as  the-firft  will  not  give  out,  unlefs 
the  other  can  at  the  fame  inftant  receive  in ;  fo  neither  will 
the  latter  receive  in,  unlefs  the  firft  can  at  the  fame  inftant 
give  out.  When  both  can  be  done  at  once,  it  is  done  with 
inconceivable  quicknefs  and  violence. 

12.  So  a  flrait  fpring  (though  the  comparifon  does  not 
agree  in  every  particular)  when  forcibly  bent,  muff,  to  re- 
ftore  itfelf,  contract  that  fide  which  in  the  bending  was  ex¬ 
tended,  and  extend  that  which  was  contracted  ;  if  either  of 
thefe  two  operations  be  hindered,  the  other  cannot  be 
done.  But  the  fpring  is  not  faid  to  be  charg'd  with  elafti- 

E  city 
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city  when  bent,  and  difcharged  when  unbent ;  its  "quantity 
of  elafticity  is  always  the  fame. 

13.  Glafs,  in  like  manner,  has,  within  its  fubftance, 
always  the  fame  quantity  of  electrical  fire,  and  that  a  very 
great  quantity  in  proportion  to  the  mafs  of  glafs,  as  fhall 
be  fhewn  hereafter. 

14.  This  quantity,  proportioned  to  the  glafs,  it  ftrongly 
and  obftinately  retains,  and  will  have  neither  more  nor  left 
though  it  will  fuffer  a  change  to  be  made  in  its  parts  and 
fituation ;  /.  e.  we  may  take  away  part  of  it  from  one 
of  the  fides,  provided  we  throw  an  equal  quantity  into  the 
other. 

15.  Yet  when  the  fituation  of  the  eledlrical  fire  is  thus 
altered  in  the  glafs ;  when  fome  has  been  taken  from  one 
fide,  and  fome  added  to  the  other,  it  will  not  be  at  reft  or 
in  its  natural  ftate,  till  it  is  reftored  to  its  original  equality. — * 
And  this  reftitution  cannot  be  made  through  the  fubftance 
of  the  glafs,  but  mu  ft  be  done  by  a  non-eledtric  communi¬ 
cation  formed  without,  from  furface  to  furface. 

16.  Thus,  the  whole  force  of  the  bottle,  and  power  of 
giving  a  fhock,  is  in  the  glass  itself  ;  the  non-eledtrics 
in  contadl  with  the  two  furfaces,  ferving  only  to  give  and 
receive  to  and  from  the  feveral  parts  of  the  glafs  $  that  is,  to 
give  on  one  fide,  and  take  away  from  the  other. 

17.  This  was  difcovered  here  in  the  following  manner  : 

*  Furpofing  to  analyfe  the  eledrified  bottle,  in  order  to  find 

^wherein  its  ftrength  lay,  we  placed  it  on  glafs*  and  drew 
out  the  cork  and  wire  which  for  that  purpofe  had  been 

loofe- 
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loftfely  put  in.  Then  taking  the  bottle  in  one  hand,  and 
bringing  a  finger  of  the  other  near  its  mouth,  a  ftrong  fp ark 
came  from  the  water,  and  the  fhock  was  as  violent  as  if  the 
wire  had  remained  in  it,  which  fhewed  that  the  force  did 
not  lie  in  tne  wire.  Then  to  find  if  it  refided  in  the  water, 
being  crouded  into  and  condenfed  ill  it,  as  confin’d  by  the 
giafs,  which  had  been  our  former  opinion,  we  eleftrified 
the  bottle  again,  and  placing  it  on  giafs,  drew  out  the  wire 
and  cork  as  before  ;  then  taking  up  the  bottle,  we  decanted 
all  its  water  into  an  empty  bottle,  which  likewife  flood  on 
giafs ;  and  taking  up  that  other  bottle,  we  expeCted,  if  the 
force  refided  in  the  water,  to  find  a  fhock  from  it •  but 
there  was  none.  We  judged  then  that  it  mu  ft  either  be 
loft  in  decanting,  or  remain  in  the  firft  bottle.  The  latter 
we  found  to  be  true  ;  for  that  bottle  on  trial  gave  the  fhock, 
though  filled  up  as  it  flood  with  frefh  uneleCtrified  water 
from  a  tea-pot.  To  find,  then,  whether  giafs  had  this 
property  merely  as  giafs,  or  whether  the  form  contributed 
any  thing  to  it  5  we  took  a  pane  of  fafh-glafs,  and  laying 
it  on  the  hand,  placed  a  plate  of  lead  on  its  upper  furface  ; 
then  electrified  that  plate,  and  bringing  a  finger  to  it,  there 
was  a  fpark  and  fhock.  We  then  took  two  plates  of  lead 
of  equal  dimenfions,  but  lefs  than  the  giafs  by  two  inches 
every  way,  and  electrified  the  giafs  between  them,  by 
electrifying  the  uppermoft  lead  ;  then  feparated  the  giafs 
from  the  lead,  in  doing  which,  what  little  fire  might 
he  in  the  lead  was  taken  out,  and  the  giafs  being  touched 
in  the  electrified  parts  with  a  finger,  afforded  only  very 
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final!  pricking  fparks,  but  a  great  number  of  them  might 
be  taken  from  different  places.  Then  dexteroufly  placing 
it  again  between  the  leaden  plates,  and  compleating  a 
circle  between  the  two  furfaces,  a  violent  fhock  en- 
fued. — - — 1  Which  demonftrated  the  power  to  refide  in 
glafs  as  giafs,  and  that  the  non- eie Aries  in  contadt  ferved 
only,  like  the  armature  of  a  loadftone,  to  unite  the  force 
of  the  feveral  parts,  and  bring  them  at  once  to  any  point 
defired  :  it  being  the  property  of  a  non-eledxic,  that  the 
whole  body  inftantly  receives  or  gives  what  eledtrical  fire  is 
given  to  or  taken  from  any  one  of  its  parts. 

18.  Upon  this  we  made  what  we  called  an  electrical- 
battery ,  confifting  of  eleven  panes  of  large  fafh-glafs,  arm’d 
with  thin  leaden  plates,  parted  on  each  fide,  placed  verti¬ 
cally,  and  fupported  at  two  inches  diftance  on  filk  cords* 
with  thick  hooks  of  leaden  wire,  one  from  each  fide, 
ftanding  upright,  diftant  from  each  other,  and  convenient 
communications  of  wire  and  chain,  from  the  giving  fide  of 
one  pane,  to  the  receiving  fide  of  the  other  ;  that  fo  the 
whole  might  be  charged  together,  and  with  the  fame  la¬ 
bour  as  one  fingle  pane  ;  and  another  contrivance  to  bring 
the  giving  fides,  after  charging,  in  contadl  with  one  long 
wire,  and  the  receivers  with  another,  which  two  long 
wires  would  give  the  force  of  all  the  plates  of  glafs  at  once 
through  the  body  of  any  animal  forming  the  circle  with 
them.  The  plates  may  alfo  be  difeharged  feparately,  or 
any  number  together  that  is  required.  But  this  machine 
is  not  much  ufed,  as  not  perfectly  anfwering  our  intention 

with 
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with  regard  to  the  eafe  of  charging,  for  the  reafon 
given,  Sec.  10.  We  made  alfo  of  large  glafs  panes,  magical 
pidtures,  and  felf-moving  animated  wheels,  prefently  to  be 
defcribed. 

19.  I  perceive  by  the  ingenious  Mr  Watford s  laft  book, 
lately  received,  that  Dr  Bevzs  had  ufed,  before  we  bad, 
panes  of  glafs  to  give  a  fliock  *  v  though,  till  that  book 
came  to  hand,  I  thought  to  have  communicated  it  to  you 
as  a  novelty.  The  excufe  for  mentioning  it  here  is,  that 
we  tried  the  experiment  differently,  drew  different  confe- 
quences  from  it  (for  Mr  Watfon  ftill  feems  to  think  the  fire 
accumulated  oti  the  ziozi' eleCz tic  that  is  in  contadf  with  the 
glafs,  page  72)  and,  as  far  as  we  hitherto  know,  have  carri¬ 
ed  it  farther. 

20.  The  magical  pi&ure  f  is  made  thus.  Having  a 
large  metzotinto  with  a  frame  and  glafs,  fuppofe  of  the 
King,  (God  preferve  him)  take  out  the  print,  and  cut  a 
pannel  out  of  it,  near  two  inches  diftant  from  the  fiame  all 
round.  If  the  cut  is  through  the  pifture  it  is  not  the  worfe. 
Wdth  thin  pafte,  or  gum-water,  fix  the  border  that  is  cut 
off  on  the  infide  the  glafs,  preffing  it  fmooth  and  clofe  5 
then  fill  up  the  vacancy  by  gilding  the  glafs  well  with  leaf 
gold,  or  brafs.  Gild  likewife  the  inner  edge  of  the  back  of 
the  frame  all  round,  except  the  top  part,  and  form  a  com¬ 
munication  between  that  gilding  and  the  gilding  behind 

*  I  have  fi  nee  heard  that  Mr  Smeaton  was  the  firft  who  made  ufe  of  panes, 
of  glafs  for  that  purpofe. 

t  Contrived  by  Mr  Kinnerjltj. 
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the  giafs  :  then  put  in  the  board,  and  that  fide  is  finifhed. 
Turn  up  the  giafs,  and  gild  the  fore  fide  exactly  over  the 
back  gilding,  and  when  it  is  dry,  cover  it,  by  parting  on 
the  pannel  of  the  pidture  that  hath  been  cutout,  obferving 
to  bring  the  correfpondent  parts  of  the  border  and  picture 
together,  by  which  the  pidture  will  appear  of  a  piece,  as  at 
firft,  only  part  is  behind  the  giafs,  and  part  before. — Hold 
the  pidture  horizontally  by  the  top,  and  place  a  little 
moveable  gilt  crown  on  the  king's  head.  If  now  the  pic¬ 
ture  be  moderately  eledtrified,  and  another  perfon  take  hold 
of  the  frame  with  one  hand,  fo  that  his  fingers  touch  its 
infide  gilding,  and  with  the  other  hand  endeavour  to  take 
off  the  crown,  he  will  receive  a  terrible  blow,  and  fail  in 
the  attempt.  If  the  pidture  were  highly  charged,  the  con- 
fequence  might  perhaps  be  as  fatal  *  as  that  of  high  treafon, 
for  when  the  fpark  is  taken  through  a  quire  of  paper  laid 
on  the  pidture,  by  means  of  a  wire  communication,  it 
makes  a  fair  hole  through  every  flieet,  that  is,  through  for¬ 
ty-eight  leaves,  (though  a  quire  of  paper  is  thought  good 
armour  againft  the  pufh  of  a  fword,  or  even  againft  a  pif- 
tol  bullet,  and  the  crack  is  exceeding  loud.  The  operator, 
who  holds  the  pidture  by  the  upper  end,  where  the  infide 
of  the  frame  is  not  gilt,  to  prevent  its  falling,  feels  nothing 
of  the  ihock,  and  may  touch  the  face  of  the  pidture  with¬ 
out  danger,  which  he  pretends  is  a  teft  of  his  loyalty. — If  a 

*  We  have  fmce  found  it  fatal  to  fmall  animals,  though  not  to  large 
ones.  The  biggeft  we  have  yet  killed  is  a  hen®  1750. 

ring 
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ring  of  perfons  take  the  fhock  among  them,  the  experi¬ 
ment  is  called,  The  Confpirators . 

21.  On  the  principle,  in  Sec .  7,  that  hooks  of  bottles,  dif¬ 
ferently  charged,  will  attract  and  repel  differently,  is  made 
anelectrical  wheel,  that  turns  with  confiderable  ftrength. 
A  fmo.ll  upright  (haft  of  wood  paffes  at  right  angles  through 
a  thin  round  board,  of  about  twelve  inches  diameter,  and 
turns  on  a  fharp  point  of  iron,  fixed  in  the  lower  end,  while 
a  ftrong  wire  in  the  upper  end,  paffing  through  a  final  1 
hole  in  a  thin  brafs  plate,  keeps  the  fhaft  truly  vertical. 
About  thirty  radii  of  equal  length,  made  of  fafh-glafs,  cut 
in  narrow  ftrips,  iffue  horizontally  from  the  circumference 
of  the  board,  the  ends  mo  ft  diftant  from  the  center  being  a- 
bout  four  inches  apart.  On  the  end  of  every  one,  a  brafs 
thimble  is  fixed.  If  now  the  wire  of  a  bottle  electrified  in 
the  common  way,  be  brought  near  the  circumference  of 
this  wheel,  it  will  attraCl  the  neareft  thimble,  and  fo  put 
the  wheel  in  motion  ;  that  thimble,  in  paffing  by,  receives 
a  fpark,  and  thereby  being  electrified  is  repelled,  and  fo  dri¬ 
ven  forwards ;  while  a  fecond  being  attracted,  approaches 
the  wire,  receives  a  fpark,  and  is  driven  after  the  firft,  and 
fo  on  till  the  wheel  has  gone  once  round,  when  the  thim¬ 
bles  before  electrified  approaching  the  wire,  inftead  of  be¬ 
ing  attracted  as  they  were  at  firft,  are  repelled,  and  the  mo¬ 
tion  prefently  ceafes. — But  if  another  bottle,  which  had 
been  charged  through  the  coating,  be  placed  near  the  fame 
wheel,  its  wire  will  attraCt  the  thimble  repelled  by  the 
firft,  and  thereby  double  the  force  that  carries  the  wheel 

round  $ 
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round  3  and  not  only  taking  out  the  fife  that  had  been 
communicated  to  the  thimbles  by  the  firft  bottle,  but  even 
robbing  them  of  their  natural  quantity,  inftead  of  being 
repelled  when  they  come  again  towards  the  firft  bottle,  they 
are  more  ftrongly  attracted,  fo  that  the  wheel  mends  its 
pace,  till  it  goes  with  great  rapidity  twelve  or  fifteen  rounds 
in  a  minute,  and  with  fuch  ftrength,  as  that  the  weight  of 
one  hundred  Spanijh  dollars  with  which  we  once  loaded 
it,  did  not  feem  in  the  leaft  to  retard  its  motion. — This  is 
called  an  eiedtrical  jack  3  and  if  a  large  fowl  were  fpitted 
on  the  upright  fhaft,  it  would  be  carried  round  before  a  fire 
with  a  motion  fit  for  roafting. 

22.  But  this  wheel,  like  thofe  driven  by  wind,  water,  or 
weights,  moves  by  a  foreign  force,  to  wit,  that  of  the  bot¬ 
tles.  The  felf-moving  wheel,  though  conftrubted  on  the 
fame  principles,  appears  more  furpriiing.  ’Tis  made  of  a 
thin  round  plate  of  window -glafs,  feventeen  inches  diame¬ 
ter,  well  gilt  on  both  fides,  all  but  two  inches  next  the 
edge.  Two  fmall  hemifpheres  of  wood  are  then  fixed 
with  cement  to  the  middle  of  the  upper  and  under  fides* 
centrally  oppofite,  and  in  each  of  them  a  thick  ftrong  wire 
eight  or  ten  inches  long,  which  together  make  the  axis  of 
the  wheel.  It  turns  horizontally  on  a  point  at  the  lower 
end  of  its  axis,  which  refts  on  a  bit  of  brafs  cemented 
within  a  glafs  falt-cellar.  The  upper  end  of  its  axis  palfes 
through  a  hole  in  a  thin  brafs  plate  cemented  to  a  long 
ftrong  piece  of  glafs,  which  keeps  it  fix  or  eight  inches  dif- 
tant  from  any  non-eleftric*  and  has  a  fmall  ball  of  wax  or 

metal 
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metal  on  its  top  to  keep  in  the  fire.  In  a  circle  on  the 
table  which  fupports  the  wheel,  are  fixed  twelve  fmall  pil¬ 
lars  of  glafs,  at  about  four  inches  diftance,  with  a  thimble 
on  the  top  of  each.  On  the  edge  of  the  wheel  is  a  fmall 
leaden  bullet,  communicating  by  a  wire  with  the  gilding  of 
the  upper  furface  of  the  wheel  tf  and  about  fix  inches  from, 
it  is  another  bullet  communicating  in  like  manner  with  the 
under  furface.  When  the  wheel  is  to  be  charged  by  the 
upper  furface,  a  communication  mu  ft  be  made  from  the 
under  furface  to  the  tablet  When  it  is  well  charged  it  be¬ 
gins  to  move;  the  bullet  neareft  to  a  pillar  moves  towards 
the  thimble  on  that  pillar,  and  paffing  by,  electrifies  it,  and 
then  pufhes  itfelf  from  it;  the  fucceeding  bullet,  which 
communicates  with  the  other  furface  of  the  glafs,  more 
ftrongly  attrads  that  thimble,  on  account  of  its  being  be¬ 
fore  eledrified  by  the  other  bullet ;  and  thus  the  wheel  en- 
creafes  its  motion  till  it  comes  to  fuch  a  height  as  that  the 
refiftance  of  the  air  regulates  it.  It  will  go  half  an  hour, 
and  make  one  minute  with  another  twenty  turns  in  a  mi¬ 
nute,  which  is  fix  hundred  turns  in  the  whole ;  the  bul¬ 
let  of  the  upper  furface  giving  in  each  turn  twelve  fparks, 

to  the  thimbles,  which  makes  feven  thoufand  two  hun¬ 
dred  fparks  ;  and  the  bullet  of  the  under  furface  receiving 
as  many  from  the  thimbles ;  thofe  bullets  moving  in  the 
time  near  two  thoufand  five  hundred  feet. — -The  thim¬ 
bles  are  well  fixed,  and  in  fo  exad  a  circle,  that  the  bul¬ 
lets  may  pafs  within  a  very  fmall  diftance  of  each  of 

them.— If  inftead  of  two  bullets  you  put  eight,  four  com- 
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municating  with  the  upper  furfa.ce,  and  four  with  the  un¬ 
der  furface,  placed  alternately  ;  which  eight,  at  about  fix 
inches  diftance,  completes  the  circumference,  the  force  and 
fwiftnefs  will  be  greatly  increafed,  the  wheel  making  fifty 
turns  in  a  minute  ;  but  then  it  will  not  continue  moving 

fo  long. - Thefe  wheels  may  be  applied,  perhaps,  to  the 

ringing  of  chimes  and  moving  of  light-made  orreries. 

23.  A  final!  wire  bent  circularly,  with  a  loop  at  each 
end'd  let  one  end  reft  againft  the  under  furface  of  the 
wheel,  and  bring  the  other  end  near  the  upper  furface, 
it  will  give  a  terrible  crack,  and  the  force  will  be  dis¬ 
charged. 

24.  Every  fpark  in  that  manner  drawn  from  the  furface 
of  the  wheel,  makes  a  round  hole  in  the  gilding,  tearing 
off  a  part  of  it  in  coming  out ;  which  fhews  that  the  fire 
is  not  accumulated  on  the  gilding,  but  is  in  the  glafs 
itfelf. 

25.  The  gilding  being  varnifhed  over  with  turpentine 
varnifh,  the  varnifh,  though  dry  and  hard,  is  burnt  by  the 
fpark  drawn  through  it,  and  gives  a  ftrong  fmell  and  vifible 
fmoke.  And  when  the  fpark  is  drawn  through  paper,  all 
round  the  hole  made  by  it,  the  paper  will  be  blacked  by 
the  fmoke,  which  fometimes  penetrates  feveral  of  the  leaves* 
Fart  of  the  gilding  torn  off,  is  alfo  found  forcibly  driven 
into  the  hole  made  in  the  paper  by  the  ftroke. 

*  This  was  afterwards  done  with  fuccefs  by  Mr  Kinntrjley « 
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26.  It  is  amazing  to  obferve  in  how  fmall  a  portion  of 
glafs  a  great  electrical  force  may  lie.  A  thin  glafs  bubble 
about  an  inch  diameter,  weighing  only  fix  grains,  being 
half  filled  with  water,  partly  gilt  on  the  outfide,  and  fur- 
nifii’d  with  a  wire  hook,  gives,  when  electrified,  as  great 
a  fhock  as  a  man  can  well  bear.  As  the  glafs  is  thickeft 
near  the  orifice,  I  fuppofe  the  lower  half,  which  being  gilt 
was  electrified  and  gave  the  fhock,  did  not  exceed  two 
grains  j  for  it  appeared,  when  broke,  much  thinner  than 
the  upper  half. — If  one  of  thefe  thin  bottles  be  electrified 
by  the  coating,  and  the  fpark  taken  out  through  the  gilding, 
it  will  break  the  glafs  inwards,  at  the  fame  time  that  it 
breaks  the  gilding  outwards. 

2 7.  And  allowing  (for  the  reafons  before  given,  §.  8,  0, 

10.)  that  there  is  no  more  electrical  fire  in  a  bottle  after 

f  ■  ■  * 

charging,  than  before,  how  great  mu  ft  be  the  quantity  in 
this  fmall  portion  of  glafs !  It  feems  as  if  it  were  of  its  very 
fubftance  and  efience.  Perhaps  if  that  due  quantity  of 
eleftrical  fire  fo  obftinately  retained  by  glafs,  could  be 
feparated  from  it,  it  would  no  longer  be  glafs ;  it  might 
lofe  its  tranfparency,  or  its  brittlenefs,  or  its  elaflicity. — * 
Experiments  may  poffibly  be  invented  hereafter,  to  dif- 
cover  this. 

27.  We  were  furprifed  at  the  aceount  given  in  Mr  Wat- 
fort’s  book,  of  a  fhock  communicated  through  a  great  fpace 
of  dry  ground,  and  fufped;  the*re  muft  be  fome  metalline 
quality  in  the  gravel  of  that  ground  ;  having  found  that 

F  2  fimple 
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Ample  dry  earth,  rammed  in  a  glafs  tube,  open  at  both 
ends,  and  a  wire  hook  infer  ted  in  the  earth  at  each  end,  the 
earth  and  wires  making  part  of  a  circle,  would’ not  con¬ 
duit  the  leaft  perceptible  £hock,  and  indeed  when  one 
wire  was  electrified,  the  other  hardly  fhowed  any  figns  of 
its  being  in  connection  with  it  Even  a  thoroughly 
wet  pack-thread  fometimes  fails  of  conducting  a  {hock, 
though  it  otherwife  conduits  Eleitricity  very  well.  A  dry 
cake  of  ice,  or  an  icicle  held  between  two  in  a  circle,  like- 
wife  prevents  the  fhoek,  which  one  would  not  expedt,  as 
water  conduits  it  fo  perfectly  well. — Gilding  on  anew 
book,  though  at  firft  it  conduits  the  fhoek  extremely  well* 
yet  fails  after  ten  or  a  dozen  experiments,  though  it  ap¬ 
pears  otherwife  in  all  refpeits  the  fame,  which  we  cannot 
account  for  -fa  . 

28.  There  is  one  experiment  more  which  furprizes  us5 
and  is  not  hitherto  fatisfaitorily  accounted  for  5  it  is  this : 
Place  an  iron  (hot  on  a  glafs  hand,  and  let  a  ball  of  damp 
cork,  iufpended  by  a  filk  thread,  hang  in  contait  with  the 
{hot,  Take  a  bottle  in  each  hand,  one  that  is  eledtrified 
through  the  hook,  the  other  through  the  coating :  Apply 
the  giving  wire  to  the  {hot,  which  will  eledlrify  it  pofitive - 

*  Probably  the  ground  is  never  fo  dry. 

f  We  afterwards  found  that  it  failed  after  one  Itroke  with  a  Iaro-e  bot¬ 
tle  ;  and  the  continuity  of  the  gold  appearing  broken,  and  many  of  its  parts 
difiipated,  the  Electricity  could  not  pafs  the  remaining  parts  without  leaping 
from  part  to  part  through  the  air,  which  always  refills  the  motion  of  this 
fluid,  and  was  probably  the  caufe  of  the  gold’s  not  conducting  fo  well  as 
before.  ; 

fa 
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/>’,  and  the  cork  (hall  be  repelled  :  then  apply  the  requiring 
wire,  which  will  take  out  the  fpark  given  by  the  other  y 
when  the  cork  will  return  to  the  fhot  :  Apply  the  fame 
again,  and  take  out  another  fpark,  fo  will  the  fhot  be 
electrified  negatively ,  and  the  cork  in  that  cafe  (hall  be 
repelled  equally  as  before.  Then  apply  the  giving  wire 
to  the  fhot,  and  give  the  fpark  it  wanted,  fo  will  the  cork 
return  :  Give  it  another,  which  will  be  an  addition  to  its 
natural  quantity,  fo  will  the  cork  be  repelled  again  :  And 
fo  may  the  experiment  be  repeated  as  long  as  there  is  any 
charge  in  the  bottles.  Which  (hews  that  bodies  having 
lefs  than  the  common  quantity  of  Electricity,  repel  each  o- 

»  '  •  V®  . 

ther,  as  well  as  thofe  that  have  more. 

Chagrined  a  little  that  we  have  been  hitherto  able  to 
produce  nothing  in  this  way  of  ufe  to  mankind  ;  and  the 
hot  weather  coming  on,  when  eledtrical  experiments  are 
not  fo  agreeable,  it  is  propofed  to  put  an  end  to  them  for 
this  feafon,  fomewhat  humoroufly,  in  a  party  of  pleasure, 
on  the  banks  of  Skuylkil f.  Spirits,  at  the  fame  time,  are 

to  be  fired  by  a  fpark  fent  from  fide  to  fide  through  the 

■  \  ■  -  .  ... 

river,  without  any  other  conductor  than  the  water  •  an 
experiment  which  we  fome  time  fince  performed,  to  the 
amazement  of  many  'f.  A  turkey  is  to  be  killed  for  our 

dinner 

*  K  V  l 

K  %  \ 

*  The  river  that  wafhes  one  fide  of  Philadelphia ,  as  the  Delaware  does 
the  other  ;  both  are  ornamented  with  the  fummer  habitations  of  the  citi¬ 
zens,  and  the  agreeable  manfions  of  the  principal  people  of  this  colony. 

t  As  the  poifibility  of  this  experiment  has  not  been  eafily  conceived,  I 
~  ‘  '  '  Lb  all 
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dinner  by  the  electrical Jhcck>  and  roafted  by  the  eleBrical 
jack,  before  a  fire  kindled  by  the  eleSirified  bottle  :  when 
the  healths  of  all  the  famous  electricians  in  'England ,  Hol¬ 
land,  France ,  and  Germany,  are  to  be  drank  in  *  eleClrificd 
bumpers,  under  the  difcharge  of  guns  from  the  eleffirical 

fhall  here  defcribe  it. —Two  iron  rods,  about  three  feet  long,  were  planted 
juft  within  the  margin  of  the  river,  on  the  oppofite  Tides.  A  thick  piece  of 
wire,  with  a  fmall  round  knob  at  its  end,  was  fixed  to  the  top  of  one  of  the 
rods,  bending  downwards,  fo  as  to  deliver  commodioully  the  fpark  upon  the 
furface  of  the  fpirit.  A  fmall  wire  fattened  by  one  end  to  the  handle  of  the 
fpoon,  containing  the  fpirit,  was  carried  a-crofs  the  river,  and  fupported  in 
the  air  by  the  rope  commonly  ufed  to  hold  by,  in  drawing  the  ferry-boats  o- 
ver.  The  other  end  of  this  wire  was  tied  round  the  coating  of  the  bottle,; 
Which  being  charged,  the  fpark  was  delivered  from  the  hook  to  the  top  of  the 
rod  {landing  in  the  water  on  that  fide.  At  the  fame  inftant  the  rod  on  the 
other  fide  delivered  a  fpark  into  the  fpoon,  and  fired  the  fpirit.  The  eledric 
fire  returning  to  the  coating  of  the  bottle,  through  the  handle  of  the  fpoon 
and  the  fupported  wire  connected  with  them. 

That  the  eledtric  fire  thus  actually  paffes  through  the  water,  has  fince 
been  fatisfadtonily  demonftrated  to  many  by  an  experiment  of  Mr  Kinner - 
/ley's,  performed  in  a  trough  of  water  about  ten  feet  long.  The  hand  being 
placed  under  water  in  the  direction  of  the  fpark  (which  always  takes  the 
llrait  or  {horteft  courfe)  is  {truck  and  penetrated  by  it  as  it  paffes. 

*  An  electrified  lumper  is  a  fmall  thin  glafs  tumbler,  near  filled  with 
wine,  and  electrified  as  the  bottle.  This  when  brought  to  the  lips  gives 
a  fhock,  if  the  party  be  clofe  Ihaved,  and  does  not  breathe  on  the  liquor* 
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LETTER  V. 

CONTAINING 


OBSERVATIONS  and  SUPPOSITIONS, 

towards  forming  a  new  Hypothesis,  for  ex¬ 
plaining  the  feveral  Phenomena  of  Thun- 

t  .  •  •  \  ' 

der-Gusts  *. 


SIR, 


§.  i.  \  T On-electric  bodies,  that  have  eledric  fire 

thrown  into  them,  will  retain  it  till  other 
non-eledrics,  that  have  lefs,  approach  ;  and  then  it  is  com¬ 
municated  by  a  fnap,  and  becomes  equally  divided. 

2.  Eledrical  fire  loves  water,  is  ftrongly  attracted  by  it. 


and  they  can  fubfift  together. 

■  3.  Air  is  an  eledric  per  fe,  and  when  dry  will  not  con- 
dud  the  eledrical  fire ;  it  will  neither  receive  it,  nor  give 
it  to  other  bodies  ;  otherwife  no  body  furrounded  by  air, 
could  be  electrified  politively  and  negatively  :  for  fhould  it 


*  Thunder-gufts  are  hidden  ftorms  of  thunder  and  lightning,  which 
are  frequently  of  fliort  duration,  but  fometimes  produce  mifehievous 
effects. 


/ 


40  New  Experiments  and 

be  attempted  pofitively:  the  air  would  immediately  take  a- 
way  the  overplus  5  or  negatively,  the  air  wrould  fupply 
what  was  wanting. 

4.  W ater  being  electrified,  the  vapours  arifing  from  it 
will  be  equally  electrified  •  and  floating  in  the  air,  in  the 
form  of  clouds,  or  otherwise,  will  retain  that  quantity  of 
electrical  fire,  till  they  meet  with  other  clouds  or  bodies 
not  fo  much  electrified,  and  then  will  communicate  as 
before  mentioned. 

5.  Every  particle  of  matter  electrified  is  repelled  by 
every  other  particle  equally  electrified.  Thus  the  ftream 
of  a  fountain,  naturally  denfe  and  continual,  when  eleCtri- 

4  *■  .  •  .  -  -..v, 

fied,  will  feparate  and  fpread  in  the  form  of  a  brufh,  every 
drop  endeavouring  to  recede  from  every  other  drop.  But 

on  taking  out  the  electrical  fire  they  clofe  again. 

' 

6.  Water  being  flrongly  electrified  (as  well  as  when 
heated  by  common  fire)  rifes  in  vapours  more  copioufly ; 
the  attraction  of  cohefion  among  its  particles  being  greatly 
weakened,  by  the  oppofite  power  of  repulfion  introduced 
with  the  eleCtrical  fire  ;  and  when  any  particle  is  by  any 
means  difengaged,  it  is  immediately  repelled,  and  fo  flies 
into  the  air. 

7.  Particles  happening  to  be  fituated  as  A  and  jB,  (Fig. 
VI.  ref  repenting  the  profile  of  a  veffiel  of  water)  are  more 
eafily  difengaged  than  C  and  £),  as  each  is  held  by  contaCt 
with  three  only,  whereas  C  and  D  are  each  in  contaCt  with 

*  '  r  •  r  •  *  ■* 

nine.  'When  the  furface  of  the  water  has  the  leaft  motion, 

parti- 
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particles  are  continually  pufhed  into  the  fituation  reprefent- 
ed  by  A  and  B . 

8.  Fridtion  between  a  non-eledtric  and  an  eledtric per  fe 
will  produce  eledtrical  fire  ;  not  by  creating ,  but  collecting 
it :  for  it  is  equally  diffufed  in  our  walls,  floors,  earth,  and 
the  whole  mafs  of  common  matter.  Thus  the  whirling 
glafs  globe,  during  its  friction  againft  the  cufhion,  draws 
fire  from  the  cufhion,  the  cufhion  is  fupplied  from  the 
frame  of  the  machine,  that  from  the  floor  on  which  it 
ftands.  Cut  off  the  communication  by  thick  glafs  or  wax, 
placed  under  the  cufhion,  and  no  fire  can  be  produced ,  be- 
caufe  it  cannot  be  collected . 

9.  The  ocean  is  a  compound  of  water,  a  non-eledtric, 
and  fait  an  eledtric  per  fe . 

10.  When  there  is  a  fridtion  among  the  parts  near  its 
furface,  the  eledtrical  fire  is  colledted  from  the  parts  below. 
It  is  then  plainly  vifible  in  the  night  ;  it  appears  at  the 
ftern  and  in  the  wake  of  every  failing  veffel  ;  every  dafh 

’of  an  oar  fhews  it,  and  every  furf  and  fpray :  In  ft  or  ms  the 
whole  feafeems  on  fire. — The  detach’d  particles  of  water 
then  repelled  from  the  eledtrified  furface,  continually  carry 
off  the  fire  as  it  is  collected ;  they  rife  and  form  clouds, 
and  thofe  clouds  are  highly  eledtrified,  and  retain  the  fire 
till  they  have  an  opportunity  of  communicating  it. 

1 1.  The  particles  of  water  riling  in  vapours,  attach  them- 
felves  to  particles  of  air. 

1 2.  The  particles  of  air  are  faid  to  be  hard,  round,  fepa- 
rate  and  diftant  from  each  other  •>  every  particle  ftrongly 

G  repelling 
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repelling  every  other  particle,  whereby  they  recede  from 
each  other,  as  far  as  common  gravity  will  permit. 

13.  The  fpace  between  any  three  particles  equally  re¬ 
pelling  each  other,  will  be  an  equilateral  triangle. 

14.  In  air  comprefied,  thefe  triangles  are  fmaller  5  in  ra¬ 
tified  air  they  are  larger. 

15.  Common  fire  joined  with  air,  increafes  the  repul- 
fion,  enlarges  the  triangles,  and  thereby  makes  the  air  fpe- 
cifically  lighter.  Such  air,  among  denfer  air,  will  rife. 

16.  Common  fire,  as  well  as  electrical  fire,  gives  repul- 
fion  to  the  particles  of  water,  and  deftroys  their  attradion 
of  cohefion  5  hence  common  fire,  as  well  as  eledrical  fire, 
affifts  in  railing  vapours. 

17.  Particles  of  water,  having  no  fire  in  them,  mutually 
attrad  each  other.  Three  particles  of  water  then  being 
attached  to  the  three  particles  of  a  triangle  of  air,  would  by 
their  mutual  attradion  operating  againft  the  air’s  repulfion, 
fhorten  the  lides  and  leflen  the  triangle,  whereby  that 
portion  of  air  being  made  denfer,  would  fink  to  the  earth 
with  its  water,  and  not  rife  to  contribute  to  the  formation 
of  a  cloud. 

18.  But  if  every  particle  of  water  attaching  itfelf  to  air, 
brings  with  it  a  particle  of  common  fire,  the  repulfion  of 
the  air  being  affifted  and  flrengthened  by  the  fire,  more 
than  obftruded  by  the  mutual  attradion  of  the  particles  of 
water,  the  triangle  dilates,  and  that  portion  of  air  becoming 
rarer  and  fpecifically  lighter  rifes. 

39,  If  the  particles  of  water  bring  eledrical  fire  when 
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they  attach  themfelves  to  air,  the  repulfion  between  the 
particles  of  water  electrified,  joins  with  the  natural  repul¬ 
fion  of  the  air,  to  force  its  particles  to  a  greater  diftance, 
whereby  the  triangles  are  dilated,  and  the  air  rifes,  carrying 
up  with  it  the  water. 

20.  If  the  particles  of  water  bring  with  them  portions 
of  both  forts  of  fire,  the  repulfion  of  the  particles  of  air  is 

ftill  more  ftrengthened  and  increafed,  and  the  triangles  far¬ 
ther  enlarged. 

2 1 .  One  particle  of  air  may  be  furrounded  by  twelve 
particles  of  water  of  equal  fize  with  itfelf,  all  in  contaCt 
with  it  •>  and  by  more  added  to  thofe. 

22.  Particles  of  air  thus  loaded  would  be  drawn  nearer 
together  by  the  mutual  attraction  of  the  particles  of  water, 
did  not  the  fire,  common  or  eleCtrical,  afiift  their  re« 

23.  If  air  thus  loaded  be  comprefled  by  adverfe  winds, 
or  by  being  driven  againft  mountains,  &c.  or  condenfed 
by  taking  away  the  fire  that  aflifted  it  in  expanding ;  the 
triangles  contract,  the  air  with  its  water  will  defcend  as  a 
dew  $  or,  if  the  water  furrounding  one  particle  of  air  comes 
in  contaCt  with  the  water  furrounding  another,  they  coa« 
lefce  and  form  a  drop,  and  we  have  rain. 

24.  The  fun  fupplies  (or  feems  to  fupply)  common  fire 
to  all  vapours,  whether  raifed  from  earth  or  fea. 

25.  Thofe  vapours  which  have  both  common  and  elec¬ 
trical  fire  in  them,  are  better  fupported,  than  thofe  which 

have  only  common  fire  in  them,  For  when  vapours  rife 

G  2  into 
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into  the  coldeft  region  above  the  earth,  the  cold  will  not 
diminifh  the  eledlrical  fire,  if  it  doth  the  common. 

26.  Hence  clouds  formed  by  vapours  raifed  from  frefh 
waters  within  land,  from  growing  vegetables,  moift  earth, 
&c.  more  fpeedily  and  eafiiy  depofite  their  water,  having 
but  little  eledlrical  fire  to  repel  and  keep  the  particles  fe- 
parate.  So  that  the  greateft  part  of  the  water  raifed  from 
the  land,  is  let  fall  on  the  land  again ;  and  winds  blowing 

•r  -  .  '  j  l  K  *  }..#  i  •>  $.J:i  i-4  -  A.  r'  V.'  -  .  i  T  -•  —  V  V  4  *  it  *■  v'  -  -A  *  A  V  «**■"  -fc  «*•'*•  --  ~ 

from  the  land  to  the  fea  are  dry  ;  there  being  little  ufe 
for  rain  on  the  fea,  and  to  rob  the  land  of  its  moifture,  in 

*  H '  *  ■  * 

order  to  rain  on  the  fea,  would  not  appear  reafonable. 

27.  But  clouds  formed  by  vapours  raifed  from  the  fea, 
having  both  fires,  and  particularly  a  great  quantity  of  the 
electrical,  fupport  their  water  ftrongly,  raife  it  high,  and 
being  moved  by  winds,  may  bring  it  over  the  middle  of  the 
broadeft  continent  from  the  middle  of  the  wideft  ocean. 

28.  How  thefe  ocean  clouds,  fo  ftrongly  fupporting  their 
water,  are  made  to  depofite  it  on  the  land  where  it  is  want¬ 
ed,  is  next  to  be  confidered. 

29.  If  they  are  driven  by  winds  againft  mountains, 
thofe  mountains  being  lefs  eledlrified  attradl  them,  and  on 
contadt  take  away  their  eledlrical  fire  (and  being  cold,  the 
common  fire  alfo  hence  the  particles  clofe  towards  the 
mountains  and  towards  each  other.  If  the  air  was  not 
much  loaded,  it  only  falls  in  dews  on  the  mountain  tops 
and  tides,  forms  fprings,  and  defcends  to  the  vales  in  rivu¬ 
lets,  which  united,  make  larger  ftreams  and  rivers.  If 
much  loaded,  the  eledlrical  fire  is  at  once  taken  from  the 

whole 
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whole  cloud  ;  and,  in  leaving  it,  flafhes  brightly  and  cracks 
loudly  ;  the  particles  inftantiy  coalefcing  for  want  of  that 
fire,  and  falling  in  a  heavy  fhower. 

30.  When  a  ridge  of  mountains  thus  dams  the  clouds, 
and  draws  the  electrical  fire  from  the  cloud  firft  approach¬ 
ing  it  ;  that  which  next  follows,  when  it  comes  near  the 
firft  cloud,  now  deprived  of  its  fire,  flafhes  into  it,  and  be- 
gins  to  depofite  its  own  water  ;  the  firft  cloud  again  flafh- 
ing  into  the  mountains ;  the  third  approaching  cloud,  and 
all  the  fucceeding  ones,  adting  in  the  fame  manner  as  far 
back  as  they  extend,  which  may  be  over  many  hundred 

miles  of  country. 

31.  Hence  the  continual  ftorms  of  rain,  thunder,  and 
lightning  on  the  eaft  fide  of  the  Andes,  which  running 
north  and  fouth,  and  being  vaftly  high,  intercept  all  the 
clouds  brought  againft  them  from  the  Atlantic  ocean  by 
the  trade  winds,  and  oblige  them  to  depofite  their  waters, 
by  which  the  vaft  rivers  Amazons ,  La  P lata ,  and  Oroonoko 
are  formed,  which  return  the  water  into  the  fame  fea,  afier 
having  fertilized  a  country  of  very  great  extent. 

32.  If  a  country  be  plain,  having  no  mountains  to  intei- 
cept  the  electrified  clouds,  yet  it  is  not  without  means  to 
make  them  depofite  their  water.  For  if  an  eleftrifiea 
cloud  coming  from  the  fea,  meets  in  the  air  a  cloud  railed 
from  the  land,  and  therefore  not  eledtrified  ;  the  firft  will 
fiafh  its  fire  into  the  latter,  and  tnereby  both  clouds  fliall  be 

made  fuddenly  to  depofite  water. 

33.  The  eledrified  particles  of  the  firft  cloud  clofe 

when  they  lofe  their  fire  5  the  particles  of  the  other  cloud 

clofe 
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clofe  in  receiving  it :  in  both,  they  have  thereby  an  oppor¬ 
tunity  of  coalefcing  into  drops. — The  concuflion  or  jerk 
given  to  the  air,  contributes  alfo  to  (hake  down  the  water, 
not  only  from  thofe  two  clouds,  but  from  others  near  them. 
Hence  the  fudden  fall  of  rain  immediately  after  flafties  of 
lightning. 

34.  To  (hew  this  by  an  eafy  experiment:  Take  two 
round  pieces  of  pafteboard  two  inches  diameter  •>  from  the 
center  and  circumference  of  each  of  them  fufpend  by 
fine  filk  threads  eighteen  inches  long,  feven  fmall  balls  of 
wood,  or  feven  peas  equal  in  bignefs  :  fo  will  the  balls  ap¬ 
pending  to  each  pafteboard,  form  equal  equilateral  trian¬ 
gles,  one  ball  being  in  the  center,  and  fix  at  equal  diftances 
from  that,  and  from  each  other ;  and  thus  they  reprefent 
particles  of  air.  Dip  both  fets  in  water,  and  fome  adhering 
to  each  ball,  they  will  reprefent  air  loaded.  Dexteroufly 
eleCtrify  one  fet,  and  its  balls  will  repel  each  other  to  a 
greater  diftance,  enlarging  the  triangles.  Could  the  water 
fupported  by  the  feven  balls  come  into  contaCl,  it  would 
form  a  drop  or  drops  fo  heavy  as  to  break  the  cohefion 
it  had  with  the  balls,  and  fo  fall.  Let  the  two  fets  then 
reprefent  two  clouds,  the  one  a  fea  cloud  electrified, 
the  other  a  land  cloud.  Bring  them  within  the  fphere  of 
attraction,  and  they  will  draw  towards  each  other, 
and  you  will  fee  the  feparated  balls  clofe  thus ;  the  firffe 
electrified  ball  that  comes  near  an  uneleCtrified  ball  by 
attraction  joins  it,  and  gives  it  fire  ;  inftantly  they  fepa- 
rate,  and  each  flies  to  another  ball  of  its  own  party3  one  to 

give 
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give,  the  other  to  receive  fire  -y  and  fo  it  proceeds  through 
both  fets,  but  fa  quick  as  to  be  in  a  manner  inftantaneous. 

In  the  eollifion  they  fhake  off  and  drop  their  water,  which 
reprefents  rain. 

35.  Thus  when  fea  and  land  clouds  would  pafs  at  too 
great  a  diftance  from  the  flafh,  they  are  attracted  towards 
each  other  till  within  that  diftance  y  for  the  fphere  of  e- 
lectrical  attraction  is  far  beyond  the  diftance  of  flafhing. 

36.  When  a  great  number  of  clouds  from  the  fea  meet 
a  number  of  clouds  raifed  from  the  land,  the  electrical 
flafhes  appear  to  ftrike  in  different  parts  ;  and  as  the 
clouds  are  joftlfd  and  mixed  by  the  winds,  or  brought 
near  by  the  electrical  attraction,  they  continue  to  give  and 
receive  flafh  after  flafh,  till  the  electrical  fire  is  equally 
diffufed. 

37.  When  the  gun-barrel  (in  electrical  experiments) 
has  but  little  electrical  fire  in  it,  you  muft  approach  it  very 
near  with  your  knuckle,  before  you  can  draw  a  fpark. 
Give  it  more  fire,  and  it  will  give  a  fpark  at  a  greater  dif¬ 
tance.  Two  gun-barrels  united,  and  as  highly  electrified, 
will  give  a  fpark  at  a  ftill  greater  diftance.  But  if  two 
gun-barrels  electrified  will  ftrike  at  two  inches  diftance, 
and  make  a  loud  fnap,  to  what  a  great  diftance  may  10,000 
acres  of  electrified  cloud  ftrike  and  give  its  fire,  and  how 
loud  muft  be  that  crack  ? 

^ 8.  It  is  a  common  thing  to  fee  clouds  at  different 
heights  pafling  different  ways,  which  fhews  different  cur¬ 
rents  of  air,  one  under  the  other.  As  the  air  between  the 

tropics. 
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tropics  is  rarified  by  the  fun,  it  rifes,  the  denfer  northern 
and  fouthern  air  preffing  into  its  place.  The  air  fo  rari¬ 
fied  and  forced  up,  pafles  northward  and  fouthward,  and 
mu  ft  defcend  in  the  polar  regions,  if  it  has  no  opportunity 
before,  that  the  circulation  may  be  carried  on. 

39.  As  currents  of  air,  with  the  clouds  therein,  pafs  dif¬ 
ferent  ways,  ’tiseafy  to  conceive  how  the  clouds,  pafling 
over  each  other,  may  attrad  each  other,  and  focome  near 
enough  for  the  eledrical  ftroke.  And  alfo  how  eledrical 
clouds  may  be  carried  within  land  very  far  from  the  fea, 
before  they  have  an  opportunity  to  ftrike. 

40.  When  the  air,  with  its  vapours  raifed  from  the 
ocean  between  the  tropics,  comes  to  defcend  in  the  polar 
regions,  and  to  be  in  contad  with  the  vapours  arifing 
there,  the  eledrical  fire  they  brought  begins  to  be  com¬ 
municated,  and  is  feen  in  clear  nights,  being  firft  vifible 
where  ’tis  firft  in  motion,  that  is,  where  the  contad  be¬ 
gins,  or  in  the  moft  northern  part  \  from  thence  the 
ftreams  of  light  feem  to  (hoot  foutherly,  even  up  to  the 
zenith  of  northern  countries.  But  thoJ  the  light  feems  to 
fhoot  from  the  north  foutherly,  the  progrefs  of  the  fire  is 
really  from  the  fouth  northerly,  its  motion  beginning  in  the 
north  being  the  reafon  that  ,tis  there  firft  feen. 

For  the  eledrical  fire  is  never  vifible  but  when  in  mo¬ 
tion,  and  leaping  from  body  to  body,  or  from  particle  to 
particle  thro’  the  air.  When  it  pafles  thro’  denfe  bodies 
?tis  unfeen.  When  a  wire  makes  part  of  the  circle,  in  the 
explofion  of  the  eledrical  phial,  the  fire,  though  in  great 
-  '  quantity 
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quantity,  paffes  in  the  wire  invifibly  :  but  in  paffing  along 
a  chain,  it  becomes  vifible  as  it  leaps  from  link  to  link.  In 
paffing  along  leaf  gilding  ’tis  vifible  :  for  the  leaf-gold  is 
full  of  pores ;  hold  a  leaf  to  the  light  and  it  appears  like  a 
net,  and  the  fire  is  feen  in  its  leaping  over  the  vacancies.— 
And  as  when  a  long  canal  filled  with  fHll  water  is  opened 
at  one  end,  in  order  to  be  difeharged,  the  motion  of  the 
water  begins  firft  near  the  opened  end,  and  proceeds  to¬ 
wards  the  clofe  end,  tho’  the  water  itfelf  moves  from  the 
clofe  towards  the  opened  end  :  fo  the  eledtrical  fire  dif¬ 
eharged  into  the  polar  regions,  perhaps  from  a  thoufand 
leagues  length  of  vaporifed  air,  appears  firft  where  'tis  firft 
in  motion,  z.  e.  in  the  moft  northern  part,  and  the  appear¬ 
ance  proceeds  fouthward,  tho’  the  fire  really  moves  north¬ 
ward.  This  is  fuppofed  to  account  for  the  Aurora  Bo¬ 
realis. 

41.  When  there  is  great  heat  on  the  land,  in  a  particu¬ 
lar  region  (the  fun  having  fhone  on  it  perhaps  feveral 
days,  while  the  furrounding  countries  have  been  fereen’d 
by  clouds)  the  lower  air  is  rarified  and  rifes,  the  cooler 
denfer  air  above  defeends  $  the  clouds  in  that  air  meet 
from  all  fides,  and  join  over  the  heated  place  and  if  fome 
are  eledtrified,  others  not,  lightning  and  thunder  fucceed, 
and  fhowers  fall.  Hence  thunder-gufts  after  heats,  and 
cool  air  after  gufts ;  the  water  and  the  clouds  that  bring 
it,  coming  from  a  higher  and  therefore  a  cooler  region. 

42.  An  eledtrical  fpark,  drawn  from  an  irregular  body 
[  at  fome  diftance  is  fcarce  ever  ftrait,  but  fhows  crooked 

H  and 
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and  waving  in  the  air.  So  do  the  dailies  of  lightning  ;  the 

*  * 

clouds  being  very  irregular  bodies. 

43.  As  electrified  clouds  pafs  over  a  country,  high  hills 
and  high  trees,  lofty  towers,  fpires,  marts  of  mips,  chim¬ 
neys,  '&c.  as  fo  many  prominencies  and  points,  draw  the 
eledtrical  fire,  and  the  whole  cloud  difcharges  there. 

44.  Dangerous,  therefore,  is  it  to  take  fhelter  under  a 
tree,  during  a  thunder-guft.  It  has  been  fatal  to  many, 
both  men  and  hearts. 

45-  Ic  is  fafer  to  be  in  the  open  field  for  another  reafon. 
When  the  cloaths  are  wet,  if  a  flafh  in  its  way  to  the 
ground  fhould  ftrike  your  head,  it  may  run  in  the  water 
over  the  furface  of  your  body  f  whereas,  if  your  cloaths 
were  dry,  it  would  go  through  the  body. 

Hence  a  wet  rat  cannot  be  killed  by  the  exploding  elec- 
trical  bottle,  when  a  dry  rat  may 

46.  Common  fire  is  in  all  bodies,  more  or  lefs,  as  well 
as  eledtrical  fire.  Perhaps  they  may  be  different  modifi¬ 
cations  of  the  fame  element  $  or  they  may  be  different  ele¬ 
ments.  The  latter  is  by  fome  fufpedted. 

47.  If  they  are  different  things,  yet  they  may  and  do* 
fubfift  together  in  the  fame  body. 

48.  When  eledtrical  fire  rtrikes  through  a  body,  it  adts 
upon  the  common  fire  contained  in  it,  and  puts  that  fire 
in  motion  -y  and  if  there  be  a  fufScieitt  quantity  of  each 
kind  of  fire,  the  body  will  be  inflamed. 

*  This  was  tried  with  a  bottle,  containing  about  a  quart.  It  is  fince 
thought  that  one  of  the  large  glafs  jars,  mentioned  in  thefe  papers,  might 
kave  killed  him,  though  wet. 

49.  When 


Obfer  vat  tons  on  Electricity. 


49.  When  the  quantity  of  common  fire  in  the  body  is 
finally  the  quantity  of  the  electrical  fire  (or  the  eledrical 
ftroke)  fhould  be  greater  :  if  the  quantity  of  common  fire 
be  great,  lefs  eledrical  fire  fuffices  to  produce  the  effed. 

50*  Thus  fpirits  mu  ft  be  heated  before  we  can  fire  them 
by  the  electrical  fpark*.  If  they  are  much  heated,  a  final) 
fpark  will  do  ;  if  not,  the  fpark  mu  ft  be  greater. 

51.  ’Till  lately  we  could  only  fire  warm  vapours  ;  but 
now  we  can  burn  hard  dry  rofin.  And  when  we  can  pro¬ 
cure  greater  eledrical  fparks,  we  may  be  able  to  fire  not 
only  unwarm’d  fpirits,  as  lightning  does,  but  even  wood, 
by  giving  fufficient'  agitation  to  the  common  fire  contained 
in  it,  as  fridion  we  know  will  do. 

52*  Sulphureous  and  inflammable  vapours  arifing  from 
the  earth,  are  eafily  kindled  by  lightning.  Befides  what 
arife  from  the  earth,  fuch  vapours  are  fent  out  by  Hacks  of 
moift  hay,  corn,  or  other  vegetables,  which  heat  and  reek. 
Wood  rotting  in  old  trees  or  buildings  does  the  fame. 
Such  are  therefore  eafily  and  often  fired. 

r  Y  *■  r  b 

53.  Metals  are  often  melted  by  lightning,  tho’  perhaps 
not  from  heat  in  the  lightning,  nor  altogether  from  agi¬ 
tated  fire  in  the  metals. — For  as  whatever  body  can  infi~ 
nuate  itfelf  between  the  particles  of  metal,  and  overcome 
the  attradion  by  which  they  cohere  (as  fundry  menftrua 


*  We  have  fince  fired  fpirits  without  heating  them,  when  the  weather  is 
warm.  A  little  poured  into  the  palm  of  the  hand,  will  be  warmed  fuffi- 
ciently  by  the  hand,  if  the  fpirit  be  well  re&ified.  JEther  takes  fire  moil 
readily* 

H  2  can) 
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can)  will  make  the  folid  become  a  fluid,  as  well  as  fire, 

r 

yet  without  heating  it :  fo  the  electrical  fire,  or  lightning, 
creating  a  violent  repulfion  between  the  particles  of  the 
metal  it  pafles  through,  the  metal  is  fufed. 

54.  If  you  would,  by  a  violent  fire,  tnelt  off  the  end  of  a 
nail,  which  is  half  driven  into  a  door,  the  heat  given  the 
whole  nail  before  a  part  would  melt,  mu  ft  burn  the  board 
it  flicks  in.  And  the  melted  part  would  bum  the  floor  it 
dropp’d  on.  But  if  a  fword  can  be  melted  in  the  fcabbard, 
and  money  in  a  man’s  pocket,  by  lightning,  without  burn¬ 
ing  either,  it  muft  be  a  cold  fufion  *. 

55.  Lightning  rends  fome  bodies.  The  electrical  fpark 
will  ftrike  a  hole  through  a  quire  of  ftrong  paper. 

56.  If  the  fource  of  lightning,  afiigned  in  this  paper,  be 
the  true  one,  there  fhouid  be  little  thunder  heard  at  ft  a 
far  from  land.  And  accordingly  fome  old  fea-captains,  of 
whom  enquiry  has  been  made,  do  affirm,  that  the  faCt  a- 
grees  perfectly  with  the  hypothefis  5  for  that  in  crofting 
the  great  ocean,  they  feldom  meet  with  thunder  till  they 
come  into  foundings  5  and  that  the  iflands  far  from  the 
continent  have  very  little  of  it.  And  a  curious  obferver, 
who  lived  13  years  at  Bermudas ,  fays,  there  was  lefs  thun¬ 
der  there  in  that  whole,  time  than  he  has  fometimes  heard 
in  a  month  at  Carolina . 

*  Thefe  faCts,  though  related  in  feveral  accounts,  are  now  doubted  ; 
fince  it  has  been  obferved  that  the  parts  of  a  bell-wire  which  fell  on  the  floor 
being  broken  and  partly  melted  by  lightning,  did  actually  burn  into  the 
boards.  (See  Philof  Tranf.  Vol.  LI.  Part  I.  and  Mr  Kinnerjley  has  found 
that  a  fine  iron  wire,  melted  by  EleCiricity,  has  had  the  fame  effect.) 
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additional  papers 

T  O 

Peter  Collinson,  Efq\  F.  R.S.  London - 

SIR,  Philadelphia,  July  29 ,  1750, 

AS  you  firft  put  us  on  electrical  experiments,  by 
fending  to  our  library  company  a  tube,  with  di¬ 
rections  how  to  ufe  it ;  and  as  our  honourable  proprietary 
enabled  us  to  carry  thofe  experiments  to  a  greater  height, 
by  his  generous  prefent  of  a  eompleat  eleCtrical  appara¬ 
tus  j  his  fit  that  both  fhould  know,  from  time  to  time, 
what  progrefs  we  make.  It  was  in  this  view  I  wrote  and 
fent  you  my  former  papers  on  this  fubject,  defiring,  that 
as  I  had  not  the  honour  of  a  direCt  correfpondence  with 
that  bountiful  benefaCtor  to  our  library,  they  might  be 
communicated  to  him  through  your  hands.  In  the  fame 
view  I  write  and  fend  you  this  additional  paper.  If  it 
happens  to  bring  you  nothing  new  (which  may  well  be, 
confidering  the  number  of  ingenious  men  in  Europe ,  con¬ 
tinually  engaged  in  the  fame  refearches)  at  leaft  it  will 
fhow,  that  the  inftruments  put  into  our  hands  are  not  ne¬ 
glected  ;  and,  that  if  no  valuable  difcoveries  are  made  by 
us,  whatever  the  caufe  may  be,  it  is  not  want  of  induftry 
^nd  application. 

I  am.  Sir, 

Tour  much  obliged 

* 

Humble  Servant, 

V 

B.  FRANKLIN, 
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OPINIONS  and  CONJECTURES, 

concerning  the  Properties  and  Effeffs  of  the 
eleEirical  Matter ,  arijing  from  Experiments 
and  Obfervathns ,  made  at  Philadelphia,  1749. 

§.  1.  T*^HE  eleCtrical  matter  confifts  of  particles  ex- 
A  tremely  fubtile,  fince  it  can  permeate  com¬ 
mon  matter*  even  the  denfeft  metals,  with  fuch  eafe  and 
freedom  as  not  to  receive  any  perceptible  refiftance. 

2.  If  any  one  fhould  doubt  whether  the  electrical  mat¬ 
ter  paffes  thro4  the  fubftance  of  bodies,  or  only  over  and 
along  their  furfaces,  a  (hock  from  an  electrified  large  glafs 
jar,  taken  through  his  own  body,  will  probably  convince 
him. 

»  ,  , 

3.  EleClrical  matter  differs  from  common  matter  in  this, 

that  the  parts  of  the  latter  mutually  attraCt,  thofe  of  the 
former  mutually  repel,  each  other*  Hence  the  appearing 
divergency  in  a  ftream  of  electrified  effluvia. 

4.  But  though  the  particles  of  eleCtrical  matter  do  re¬ 
pel  each  other,  they  are  itrongly  attracted  by  all  other 
matter 

*  See  the  ingenious  eflays  on  Eiedricity,  in  the  Tranfatflons ,  by  Mr 
Ellicot . 

5.  From 
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-  From  thefe  three  things,  the  extreme  fubtilty  of  the 
electrical  matter,  the  mutual  repuluon  of  its  paiis,  .md  me 
ftronp^  attraction  between  them  and  other  matter,  ante  this 
effect,  that,  when  a  quantity  of  eleCtrical  matter  is  ap¬ 
plied  to  a  mafs  of  common  matter,  or  any  bignefs  or  length, 
within  our  obfervation  (which  hath  not  already  got  its 
quantity)  it  is  immediately  and  equally  diffufed  through 
the  whole. 

6.  Thus  common  matter  is  a  kind  of  fpunge  to  the 
eleCtrical  fluid.  And  as  a  fpunge  would  receive  no  water 
if  the  parts  of  water  were  not  fmaller  than  the  pores 
of  the  fpunge  ;  and  even  then  but  flowly,  if  there  were 
not  a  mutual  attraction  between  thofe  parts  and  the  parts 
of  the  fpunge  ;  and  would  ftill  imbibe  it  fatter,  if  the 
mutual  attraction  among  the  parts  of  the  water  did  not 
impede,  fome  force  being  required  to  feparate  them  ;  and 
fafteft,  if,  inftead  of  attraction,  there  were  a  mutual  repul- 
fion  among  thofe  parts,  which  would  aCt  in  conjunction 
with  the  attraction  of  the  fpunge.  So  is  the  cafe  between 

the  eleCtrical  and  common  matter. 

7.  But  in  common  matter  there  is  (generally)  as  much 
of  the  eleCtrical  as  it  will  contain  within  its  fubftance.  If 
more  is  added,  it  lies  without  upon  the  furface,  and  forms 
what  we  call  an  eleCtrical  atmosphere  3  and  then  the  body 
is  faid  to  be  electrified. 

8.  ’Tis  fuppofed,  that  all  kinds  of  common  matter  do 
not  attraCt and  retain  the  eleCtrical,  with  equal  ftrength  and 
force,  for  reafons  to  be  given  hereafter.  And  that  thofe 

called 
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called  electrics  per  fey  as  glafs,  &c.  attradi  and  retain  it 
ftrongeft,  and  contain  the  greateft  quantity. 

9.  We  know  that  the  eledtrical  fluid  is  in  common 
matter,  becaufe  we  can  pump  it  out  by  the  globe  or  tube. 
We  know  that  common  matter  has  near  as  muGh  as  it  can 
contain,  becaufe,  when  we  add  a  little  more  to  any  por¬ 
tion  of  it,  the  additional  quantity  does  not  enter,  but  forms 
an  eledtrieal  atmofphere.  And  we  know  that  common 
matter  has  not  (generally)  more  than  it  can  contain,  other- 
wife  all  loofe  portions  of  it  would  repel  each  other,  as 
they  conftantly  do  when  they  have  eledtric  atmofpheres. 

10.  The  beneficial  ufes  of  this  eledtric  fluid  in  the 
creation,  we  are  not  yet  well  acquainted  with,  though 
doubtlefs  fuch  there  are,  and  thofe  very  confiderable  ;  but 
we  may  fee  fome  pernicious  confequences  that  would  at¬ 
tend  a  much  greater  proportion  of  it.  For  had  this  globe 
we  live  on,  as  much  of  it  in  proportion  as  we  can  give  to  a 
globe  of  iron,  wood,  or  the  like,  the  particles  of  duft  and 
other  light  matters  that  get  loofe  from  it,  would,  by  virtue 
of  their  feparate  eledtrical  atmofpheres,  not  only  repel  each 
other,  but  be  repelled  from  the  earth,  and  not  eafily  be 
brought  to  unite  with  it  again  5  whence  our  air  would 
continually  be  more  and  more  clogged  with  foreign  mat¬ 
ter,  and  grow  unfit  for  refpiration.  This  affords  another 
occafion  of  adoring  that  wifdom  which  has  made  all  things 
by  weight  and  meafure  ! 

11.  If  a  piece  of  common  matter  be  fuppofed  entirely 
free  from  eledtrical  matter,  and  a  Angle  particle  of  the 

latter 
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latter  be  brought  nigh,  it  will  be  attracted,  and  enter  the 
body,  and  take  place  in  the  center,  or  where  the  attraction 
is  every  way  equal.  If  more  particles  enter,  they  take 
their  places  where  the  balance  is  equal  between  the  at- 
traction  of  the  common  matter,  and  their  own  mutual  re- 
pulfion.  'Tis  fuppofed  they  form  triangles,  whofe  Tides 
fhorten  as  their  number  increafes  5  *  till  the  common  mat¬ 
ter  has  drawn  in  fo  many,  that  its  whole  power  of  com- 
prefling  thofe  triangles  by  attraction,  is  equal  to  their  whole 
power  of  expanding  themfelves  by  repulfion  $  and  then 
will  fuch  piece  of  matter  receive  no  more. 

12.  When  part  of  this  natural  proportion  of  electrical 
fluid  is  taken  out  of  a  piece  of  common  matter,  the  trian¬ 
gles  formed  by  the  remainder,  are  fuppofed  to  widen  by 
the  mutual  repulfion  of  the  parts,  until  they  occupy  the 

1 

whole  piece. 

13.  When  the  quantity  of  eledtrical  fluid,  taken  from  a 
piece  of  common  matter,  is  reftored  again,  it  enters,  the 
expanded  triangles  being  again  compreffed  till  there  is  room 
for  the  whole. 

14.  To  explain  this:  take  two  apples,  or  two  balls  of 
wood  or  other  matter,  each  having  its  own  natural  quantity 
of  the  eledtrical  fluid.  Sufpend  them  by  filk  lines  from  the 
deling.  Apply  the  wire  of  a  well-charged  vial,  held  in 
your  hand,  to  one  of  them  (A)  Fig.  7,  and  it  will  receive 
from  the  wire  a  quantity  of  the  eledtrical  fluid  ;  but  will 
not  imbibe  it,  being  already  full.  The  fluid  therefore  will 

flow  round  its  furface,  and  form  an  eledtrical  atmofphere. 

I  Bring 
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Bring  A  into  contad  with  B,  and  half  the  eledrical  fluid 
is  communicated,  fo  that  each  has  now  an  eledrical  at¬ 
mofphere,  and  therefore  they  repel  each  other.  Take 
away  thefe  atmofpheres  by  touching  the  balls,  and  leave 
them  in  their  natural  ftate  :  then,  having  fixed  a  flick  of 

fealing-wax  to  the  middle  of  the  vial  to  hold  it  by>  apply 

% 1  . 

the  wire  to  A,  at  the  fame  time  the  coating  touches  B. 
Thus  will  a  quantity  of  the  eledrical  fluid  be  drawn  out 
of  B,  and  thrown  on  A.  So  that  A  will  have  a  redun¬ 
dance  of  this  fluid,  which  forms  an  atmofphere  round  it, 
and  B  an  exadly  equal  deficiency.  Now,  bring  thefe 
balls  again  into  contad,  and  the  eledrical  atmofphere 
will  not  be  divided  between  A  and  B,  into  two  fmaller 
atmofpheres  as  before  -y  for  B  will  drink  up  the  whole  at¬ 
mofphere  of  A,  and  both  will  be  found  again  in  their  na¬ 
tural  fiate. 

1 5.  The  form  of  the  eledrical  atmofphere  is  that  of  the 
body  it  furrounds.  This  fhape  may  be  rendered  vifible 
in  a  ftill  air,  by  railing  a  fmoke  from  dry  rofin,  dropt  into 
a  hot  tea-fpoon  under  the  eledrifed  body,  which  will  be 
attraded,  and  fpread  itfelf  equally  on  all  fides,  covering 
and  concealing  the  body*.  And  this  form  it  takes,  be- 
caufe  it  is  attraded  by  all  parts  of  the  furface  of  the  body, 
though  it  cannot  enter  the  fubftance  already  replete0 
Without  this  attradion,  it  would  not  remain  round  the  bo¬ 
dy,  but  diffipate  in  the  air. 


*  See  pa^e  6. 
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16.  The  atmofphere  of  eleCtrical  particles  furrounding 
an  electrified  fphere,  is  not  more  difpofed  to  leave  it,  or 
more  eafily  drawn  off  from  any  one  part  of  the  fphere  than 
from  another,  becaufe  it  is  equally  attracted  by  every  part. 
But  that  is  not  the  cafe  with  bodies  of  any  other  figure. 
From  a  cube  it  is  more  eafily  drawn  at  the  corners  than 
at  the  plane  fides,  and  fo  from  the  angles  of  a  body  of  any 
other  form,  and  ftill  moft  eafily  from  the  angle  that  is  mo  ft 
acute.  Thus  if  a  body  fhaped  as  A,B,C,D,E,  in  Fig.  8. 
be  electrified,  or  have  an  eleCtrical  atmofphere  communi¬ 
cated  to  it,  and  we  confider  every  fide  as  a  bafe  on  which 
the  particles  reft,  and  by  which  they  are  attracted,  one 
may  fee,  by  imagining  a  line  from  A  to  F,  and  another 
from  E  to  G,  that  the  portion  of  the  atmofphere  included 
in  F,A,E,G,  has  the  line  A  E  for  its  bafis.  So  the  por¬ 
tion  of  atmofphere  included  in  H,  A,  B,  I,  has  the  line 
A,  B,  for  its  bafis.  And  likewife  the  portion  included 
in  K,  B,  C,  L,  has  B,  C,  to  reft  on  ;  and  fo  on  the 
other  fide  of  the  figure.  Now  if  you  would  draw  off 
this  atmofphere  with  any  blunt  fmooth  body,  and  ap¬ 
proach  the  middle  of  the  fide  A,  B,  you  muff  come 
very  near,  Before  the  force  of  your  attraCler  exceeds  the 
force  or  power  with  which  that  fide  holds  its  atmofphere. 
But  there  is  a  fmall  portion  between  I,  B,  K,  that  has  lefs  of 
the  furface  to  reft  on,  and  to  be  attracted  by,  than  the  neigh¬ 
bouring  portions,  while  at  the  fame  time  there  is  a  mutual 
repulfion  between  its  particles,  and  the  particles  of  thofe 
portions,  therefore  here  you  can  get  it  with  more  eafe,  or  at 

la  a  great- 
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a  greater  diftance.  Between  F,A,H,  there  is  a  larger  por¬ 
tion  that  has  yet  alefs  furface  to  reft  on,  and  to  attradl  it ; 
here  therefore  you  can  get  it  away  ftill  more  eafily.  But 
eafieft  of  all  between  L,C,M,  where  the  quantity  is  largeft, 
and  the  furface  to  attradl  and  keep  it  back  the  leaft. 
When  you  have  drawn  away  one  of  thefe  angular  portions 
of  the  fluid,  another  fucceeds  in  its  place,  from  the  na¬ 
ture  of  fluidity  and  the  mutual  repulfion  before-mentioned  j 
and  fo  the  atmofphere  continues  flowing  off  at  fuch  angle, 
like  a  ftream,  till  no  more  is  remaining.  The  extremities 
of  the  portions  of  atmofphere  over  thefe  angular  parts,  are 
likewife  at  a  greater  diftance  from  the  eledlrified  body,  as 
may  be  feen  by  the  infpedion  of  the  above  figure ;  the 
point  of  the  atmofphere  of  the  angle  C,  being  much  far¬ 
ther  from  C,  than  any  other  part  of  the  atmofphere  over 
the  lines  C,  B,  or  B,  A  :  And,  befides  the  diftance  arifing 
from  the  nature  of  the  figure,  where  the  attraction  is  lefs, 
the  particles  will  naturally  expand  to  a  greater  diftance  by 
their  mutual  repulfion.  On  thefe  accounts  we  fuppofe  e~ 
ledtrified  bodies  difcharge  their  atmofpheres  upon  unelec¬ 
trified  bodies  more  eafily,  and  at  a  greater  diftance  from 
their  angles  and  points  than  from  their  fmooth  fides.  — 
Thofe  points  will  alfo  difcharge  into  the  air,  when  the  bo¬ 
dy  has  too  great  an  eledtrical  atmofphere,  without  bring¬ 
ing  any  non-€ledlric  near,  to  receive  what  is  thrown  ofif : 
F or  the  air,  though  an  eledlric  per  fe,  yet  has  always  more 
or  lets  water  and  other  non -eledlric  matters  mixed  with  it  : 
and  thefe  attradl  and  receive  what  is  fo  difcharged. 

17.  But 
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17.  Bat  points  have  a  property,  by  which  they  draw  on 
as  well  as  throw  of  the  eledtrical  fluid,  at  greater  distances 
than  blunt  bodies  can.  That  is,  as  the  pointed  part  of  an 
electrified  body  will  difeharge  the  atmofphere  of  that  body, 
or  communicate  it  fartheft  to  another  body,  fo  the  point 
of  an  uneledtrified  body  will  drawoff  the  electrical  atmo¬ 
fphere  from  an  eledtrified  body,  farther  than  a  blunter  part 
of  the  fame  uneledtrified  body  will  do.  Thus  a  pin  held 
by  the  head,  and  the  point  prefented  to  an  eledtrified  body, 
will  draw  off  its  atmofphere  at  a  foot  diftance  3  where,  if 
the  head  were  prefented  inftead  of  the  point,  no  fuch  effedt 
-v/ouid  IgIIqw.  To  underftand  this,  we  may  confider, 
that  if  a  perfon  ftanding  on  the  floor  would  draw  off  the 
electrical  atmoiphere  from  an  eledtrified  body,  an  iron 
crow  and  a  blunt  knitting-needle  held  alternately  in  his 
hand,  and  prefented  for  that  purpofe,  do  not  draw  with 
different  forces  in  proportion  to  their  different  maffes. 
For  the  man,  and  what  he  holds  in  his  hand,  be  it  large 
or  fmall,  are  connedted  with  the  common  mafs  of  un~ 
electrified  matter  3  and  the  force  with  which  he  draws  is 

the  fame  in  both  cafes,  it  confifiing  in  the  different  pro¬ 
portion  of  eledtricity  in  the  eledtrified  body,  and  that  com¬ 
mon  mafs.  But  the  force  with  which  the  eledtrified  body 
retains  its  atmofphere  by  attradting  it,  is  proportioned  to 
the  furface  over  which  the  particles  are  placed  3  i.  e .  four 
fquare  inches  of  that  furface  retain  their  atmofphere  with 
four  times  the  force  that  one  fquare  inch  retains  its  at¬ 
mofphere.  And  as  in  plucking  the  hairs  from  the  horfe’s 

tail  3 
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tail,  a  degree  of  ftrength  not  fufficient  to  pull  away  a  handful 
at  once,  could  yet  eafily  (trip  it  hair  by  hair  ;  fo  a  blunt 
body  prefented  cannot  draw  off  a  number  of  particles  at 
once,  but  a  pointed  one,  with  no  greater  force,  takes  them 
away  eafily,  particle  by  particle. 

1 8.  Thefe  explanations  of  the  power  and  operation  of 
points,  when  they  firft  occurr’d  to  me,  and  while  they 
firft  floated  in  my  mind,  appeared  perfectly  fatisfadtory  ; 
but  now  I  have  wrote  them,  and  confidered  them  more 
clofely  in  black  and  white,  I  mud  own  I  have  fome 
doubts  about  them  ;  yet,  as  I  have  at  prefent  nothing  bet¬ 
ter  to  offer  in  their  (lead,  I  do  not  crofs  them  out  :  for 
even  a  bad  folution  read,  and  its  faults  difcovered,  has  of¬ 
ten  given  rife  to  a  good  one,  in  the  mind  of  an  ingenious 
reader. 

19.  Nor  is  it  of  much  importance  to  us,  to  know  the 
manner  in  which  nature  executes  her  laws ;  ’tis  enough 
if  we  know  the  laws  themfelves.  ’Tis  of  real  ufe  to  know 
that  china  left  in  the  air  unfupported  will  fall  and  break ; 
but  how  it  comes  to  fall,  and  why  it  breaks,  are  matters  of 
fpeculation.  ’Tis  a  pleafure  indeed  to  know  them,  but 
we  can  preferve  our  china  without  it. 

20.  Thus  in  the  prefent  cafe,  to  know  this  power  of 
points,  may  poflibly  be  of  fome  ufe  to  mankind,  though 
we  fhould  never  be  able  to  explain  it.  The  following 
experiments,  as  well  as  thofe  in  my  firft  paper,  fhew  this 
power.  I  have  a  large  prime  conductor,  made  of  feveral 
thin  (beets  of  clothier’s  pafteboard,  form’d  into  a  tube,  near 

ten 
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ten  feet  long  and  a  foot  diameter.  It  is  cover’d  with 
Dutch  embofs’d  paper,  almoft  totally  gilt.  This  large 
metallic  furface  fupports  a  much  greater  eledtrieal  atmo- 
fphere  than  a  rod  of  iron  of  50  times  the  weight  would 
do.  It  is  fufpended  by  filk  lines,  and  when  charged  will 
ftrike  at  near  two  inches  diftance,  a  pretty  hard  ftroke, 
fo  as  to  make  ones  knuckle  ach.  Let  a  perfon  {landing 
on  the  floor  prefent  the  point  of  a  needle  at  12  or  more 
inches  diftance  from  it,  and  while  the  needle  is  fo  pre- 
fented,  the  condudtor  cannot  be  charged,  the  point  draw¬ 
ing  off  the  fire  as  fall  as  it  is  thrown  on  by  the  eledtrieal 
globe.  Let  it  be  charged,  and  then  prefent  the  point  at 
the  fame  diftance,  and  it  will  fuddeniy  be  difcharged.  In 
the  dark  you  may  fee  a  light  on  the  point,  when  the  ex¬ 
periment  is  made.  And  if  the  perfon  holding  the  point 
Hands  upon  wax,  he  will  be  electrified  by  receiving  the 
fire  at  that  diftance.  Attempt  to  draw  oft  the  eledtricity 
with  a  blunt  body,  as  a  bolt  of  iron  round  at  the  end,  and 
fmooth  (a  filverfmith’s  iron  punch,  inch  thick,  is  what  I 
ufe)  and  you  muft  bring  it  within  the  diftance  of  three 
inches  before  you  can  do  it,  and  then  it  is  done  with  a 
ftroke  and  crack.  As  the  pafteboard  tube  hangs  loofe  on 
filk  lines,  when  you  approach  it  with  the  punch  iron,  it 
likewife  will  move  towards  the  punch,  being  attradled 
while  it  is  charged ;  but  if,  at  the  fame  inftant,  a  point 
be  prefented  as  before,  it  retires  again,  for  the  point  dife 
charges  it.  Take  a  pair  of  large  brafs  fcales,  of  two  or 

more  feet  beam,  the  cords  of  the  fcales  being  filk.  Suf- 

pend 
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pend  the  beam  by  a  pack-thread  from  the  deling,  fo  that 
the  bottom  of  the  fcales  may  be  about  a  foot  from  the 
floor :  The  fcales  will  move  round  in  a  circle  by  the  un- 
twifting  of  the  packthread.  Set  the  iron  punch  on  the 
end  upon  the  floor,  in  fuch  a  place  as  that  the  fcales  may 
pafs  over  it  in  making  their  circle  Then  eledrify  one 
fcale,  by  applying  the  wire  of  a  charged  phial  to  it.  As 
they  move  round,  you  fee  that  fcale  draw  nigher  to  the 
floor,  and  dip  more  when  it  comes  over  the  punch ;  and 
if  that  be  placed  at  a  proper  diftance,  the  fcale  will  fnap 
and  difcharge  its  fire  into  it.  But  if  a  needle  be  ftuck  on 
the  end  of  the  punch,  its  point  upwards,  the  fcale,  inflead 
of  drawing  nigh  to  the  punch,  and  fnapping,  difcharges 
its  fire  filently  through  the  point,  and  riles  higher  from 
the  punch.  Nay,  even  if  the  needle  be  placed  upon  the 
floor  near  the  punch,  its  point  upwards,  the  end  of  the 
punch,  tho*  fo  much  higher  than  the  needle,  will  not  at- 
trad:  the  fcale  and  receive  its  fire,  for  the  needle  will  get 
it  and  convey  it  away,  before  it  comes  nigh  enough  for 
the  punch  to  ad.  And  this  is  conftantly  obfervable  in 
thefe  experiments,  that  the  greater  quantity  of  eledricity 
on  the  pafteboard  tube,  the  farther  it  ftrikes  or  difcharges 
its  fire,  and  the  point  likewife  will  draw  it  off*  at  a  ftill 
greater  diftance. 

Now  if  the  fire  of  eledricity  and  that  of  lightning  be 
the  fame,  as  I  have  endeavoured  to  fhew  at  large,  in  a 
former  paper,  this  pafteboard  tube  and  thefe  fcales  may 
reprefent  eledrified  clouds.  If  a  tube  of  only  ten  feet 

long 


Obfervations  on  Electricity.  65 

long  will  ftrike  and  difcharge  its  fire  on  the  punch  at 
two  or  three  inches  diftance,  an  eledrified  cloud  of  per¬ 
haps  10,000  acres  may  ftrike  and  difcharge  on  the  earth 
at  a  proportionably  greater  diftance.  The  horizontal  mo¬ 
tion  of  the  fcales  over  the  floor,  may  reprefent  the  mo¬ 
tion  of  the  clouds  over  the  earth  j  and  the  ered  iron 
punch,  a  hill  or  high  building  5  and  then  we  fee  how 
eledrified  clouds  paffing  over  hills  or  high  buildings  at 
too  great  a  height  to  ftrike,  may  be  attraded  lower  till 
within  their  ftriking  diftance.  And  iaftly,  if  a  needle 
fixed  on  the  punch  with  its  point  upright,  or  even  on  the 
floor  below  the  punch,  will  draw  the  fire  from  the  fcale 
filently  at  a  much  greater  than  the  ftriking  diftance,  and 
fo  prevent  its  defcending  towards  the  punch  ;  or  if  in  its 
courfe  it  would  have  come  nigh  enough  to  ftrike,  yet  be¬ 
ing  firft  deprived  of  its  fire  it  cannot,  and  the  punch  is 
thereby  fecured  from  the  ftroke.  I  fay,  if  thefe  things 
are  fo,  may  not  the  knowledge  of  this  power  of  points 
be  of  ufe  to  mankind,  in  preferving  houfes,  churches, 
ftiips,  &c.  from  the  ftroke  of  lightning,  by  direding  us 
to  fix  on  the  higheft  parts  of  thofe  edifices,  upright  rods 
of  iron  made  fharp  as  a  needle,  and  gilt  to  prevent  raft¬ 
ing,  and  from  the  foot  of  thofe  rods  a  wire  down  the 
outfide  of  the  building  into  the  ground,  or  down  round 
one  of  the  fhrouds  of  a  fhip,  and  down  her  fide  till  it 
reaches  the  water  ?  Would  not  thefe  pointed  rods  proba¬ 
bly  draw  the  eledrical  fire  filently  out  of  a  cloud  before 
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it  came  nigh  enough  to  ftrike,  and  thereby  fecure  us  from 
that  moft  fudden  and  terrible  mifchief  ? 

21.  To  determine  the  queftion,  whether  the  clouds 
that  contain  lightning  are  eledrified  or  not,  I  would  pro- 
pofe  an  experiment  to  be  try’d  where  it  may  be  done  con¬ 
veniently.  On  the  top  of  fome  high  tower  or  fteeple,  place 
a  kind  of  centry~box  (as  in  Fig.  9.)  big  enough  to  contain 
a  man  and  an  electrical  ftand.  From  the  middle  of  the  ftand 
let  an  iron  rod  rife  and  pafs  bending  out  of  the  door,  and 
then  upright  20  or  30  feet,  pointed  very  fharp  at  the  end. 
If  the  eledrical  ftand  be  kept  clean  and  dry,  a  man  {land¬ 
ing  on  it  when  fuch  clouds  are  pafling  low,  might  be  elec¬ 
trified  and  afford  fparks,  the  rod  drawing  fire  to  him  from 
a  cloud.  If  any  danger  to  the  man  fhould  be  apprehended 
(though  I  think  there  would  be  none)  let  him  ftand  on 
the  floor  of  his  box,  and  now  and  then  bring  near  to  the 
rod  the  loop  of  a  wire  that  has  one  end  fattened  to  the 
leads,  he  holding  it  by  a  wax  handle  ;  fo  the  fparks,  if 
the  rod  is  eledrified,  will  ftrike  from  the  rod  to  the  wires 
and  not  affed  him. 

22.  Before  I  leave  this  fubjed  of  lightning,  I  may  men¬ 
tion  fome  other  fimilarities  between  the  effeds  of  that, 
and  thofe  of  eledricity.  Lightning  has  often  been  known 
to  ftrike  people  blind.  A  pigeon  that  we  ftruck  dead  to 
appearance  by  the  eledrical  fhock,  recovering  life,  drooped 
about  the  yard  feveral  days,  eat  nothing,  though  crumbs 
were  thrown  to  it,  but  declined  and  died.  We  did  not 
think  of  its  being  deprived  of  fight  5  but  afterwards  a 

pullet 
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pullet  ftruck  dead  in  like  manner,  being  recovered  by  re¬ 
peatedly  blowing  into  its  lungs,  when  fet  down  on  the 
floor,  ran  headlong  againft  the  wall,  and  on  examination 
appeared  perfectly  blind.  Hence  we  concluded  that  the 
pigeon  alfo  had  been  abfolutely  blinded  by  the  iuock. 
The  biggeft  animal  we  have  yet  killed,  or  tried  to  kill, 
with  the  electrical  ftroke,  was  a  well-grown  pullet. 

23.  Reading  in  the  ingenious  Dr  Miles’ s  account  of 
the  thunder  ftorm  at  Stretbam ,  the  efted  of  the  lightning 
in  flapping  off  all  the  paint  that  had  covered  a  gilt 
moulding  of  a  pannel  of  wainfcot,  without  hurting  the 
reft  of  the  paint,  I  had  a  mind  to  lay  a  coat  of  paint  over 
the  filletting  of  gold  on  the  cover  of  a  book,  and  try  the 
effed  of  a  ftrong  eledrical  flalh  fent  through  that  gold 
from  a  charged  ftieet  of  glafs.  But  having  no  paint  at 
hand,  I  pafted  a  narrow  ftrip  of  paper  over  it ;  and  when 
dry,  lent  the  flafh  through  the  gilding,  by  which  the  paper 
was  torn  off  from  end  to  end,  with  fuch  force,  that  it  was 
broke  in  feveral  places,  and  in  others  brought  away  part  of 
the  grain  of  the  Turky-leather  in  which  it  was  bound  ; 
and  convinced  me,  that  had  it  been  painted,  the  paint 
would  have  been  ftript  off  in  the  fame  manner  with  that 
on  the  wainfcot  at  Stretbam. 

24.  Lightning  melts  metals,  and  I  hinted  in  my  paper 
on  that  fubjed,  that  I  fufpeded  it  to  be  a  cold  fulion  5 
I  do  not  mean  a  fufion  by  force  of  cold,  but  a  fufion 
without  heat  *.  We  have  alfo  melted  gold,  fllver,  and 


*  See  note  in  page  49. 
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copper,  in  fmall  quantities,  by  the  electrical  fiaffi.  The 
manner  is  this :  Take  leaf  gold,  leaf  lilver,  or  leaf  gilt 
copper,  commonly  called  leaf  brafs,  or  Dutch  gold  * 
cut  off  from  the  leaf  long  narrow  (trips,  the  breadth  of  a 
draw.  Place  one  of  thefe  (trips  between  two  (trips  of 
fmooth  glafs  that  are  about  the  width  of  your  finger.  If 

one  (trip  of  gold,  the  length  of  the  leaf,  be  not  long  e~ 

* 

nough  for  the  glafs,  add  another  to  the  end  of  it,  fo  that 
you  may  have  a  little  part  hanging  out  loofe  at  each  end 
of  the  glafs.  Bind  the  pieces  of  glafs  together  from  end 
to  end  with  (trong  filk  thread  ;  then  place  it  fo  as  to  be 
part  of  an  eledtrical  circuit,  (the  ends  of  gold  hanging  out 
being  of  ufe  to  join  with  the  other  parts  of  the  circuit) 
and  fend  the  flafh  through  it,  from  a  large  eledtrified 
jar  or  (lieet  of  glafs.  Then  if  your  drips  of  glafs  remain 
whole,  you  will  fee  that  the  gold  is  miffing  in  feveral 
places,  and  indead  of  it  a  metallic  dain  on  both  the 
glades  ;  the  dains  on  the  upper  and  under  glafs  exadtly 
iimilar  in  the  minuted  droke,  as  may  be  feen  by  holding 
them  to  the  light ;  the  metal  appeared  to  have  been  not 
only  melted,  but  even  vitrified,  or  otherwife  fo  driven 
into  the  pores  of  the  glafs,  as  to  be  protedled  by  it  from 
the  adrion  of  the  dronged  Aqua  Forth ,  or  Aqua  Regia .  I 
fend  you  enclofed  two  little  pieces  of  glafs  with  thefe 
metallic  dains  upon  them,  which  cannot  be  removed  with¬ 
out  taking  part  of  the  glafs  with  them.  Sometimes  the 
dain  fpreads  a  little  wider  than  the  breadth  of  the  leaf, 
and  looks  brighter  at  the  edge,  as  by  infpediing  clofely 

you 
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you  may  obferve  in  thefe.  Sometimes  the  glafs  breaks 
to  pieces ;  once  the  upper  glafs  broke  into  a  thoufand  pieces, 
looking  like  coarfe  lalt.  Thefe  pieces  I  fend  you  were 
ftain’d  with  Dutch  gold.  True  gold  makes  a  darker  ftain, 
lomewhat  reddifh  ;  filver,  a  greenifh  (lain.  We  once  took 
two  pieces  of  thick  looking-glafs,  as  broad  as  a  Gunter' s 
fcale,  and  fix  inches  long  j  and  placing  leaf-gold  between 
them,  put  them  between  two  fmoothly  plain'd  pieces  of 
wood,  and  fix’d  them  tight  in  a  book-binder’s  fmall  prefs  j 
yet  though  they  were  fo  clofely  confined,  the  force  of  the 
electrical  fhock  fhivered  the  glafs  into  many  pieces.  The 
gold  was  melted,  and  ftain’d  into  the  glafs,  as  ufual.  The 
circumftances  of  the  breaking  of  the  glafs  differ  much  in 
making  the  experiment,  and  fometimes  it  does  not  break 
at  all :  but  this  is  conftant,  that  the  ftains  in  the  upper  and 
under  pieces  are  exaCt  counterparts  of  each  other.  And 
though  I  have  taken  up  the  pieces  of  glafs  between  my 
fingers  immediately  after  this  melting,  I  never  could  per¬ 
ceive  the  leaft  warmth  in  them. 

25.  In  one  of  my  former  papers,  I  mentioned,  that, 
gilding  on  a  book,  though  at  firft  it  communicated  the 
fhock  perfedly  well,  yet  failed  after  a  few  experiments, 
which  we  could  not  account  for.  We  have  fince  found 
that  one  ftrong  fhock  breaks  the  continuity  of  the  gold 
in  the  Aliening,  and  makes  it  look  rather  like  duff  of 
gold,  abundance  of  its  parts  being  broken  and  driven  off- 
and  it  will  feldorn  conduft  above  one  ftrong  fhock..  Per¬ 
haps  this  may  be  the  reafon  :  When  there  is  not  a  perfedt 

continuity 
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continuity  in  the  circuit,  the  fire  mu  ft  leap  over  the  va¬ 
cancies  ;  There  is  a  certain  diftance  which  it  is  able  to 
leap  over  according  to  its  ftrength  ;  if  a  number  of 
fmall  vacancies,  though  each  be  very  minute,  taken  to¬ 
gether  exceed  that  diftance,  it  cannot  leap  over  them,  and 
io  the  fhock  is  prevented. 

26.  From  the  before- mentioned  law  of  electricity,  that 
points  as  they  are  more  or  lefs  acute,  draw  on  and 
throw  off  the  eledrical  fluid  with  more  or  lefs  power, 
and  at  greater  or  lefs  diftances,  and  in  larger  or  fmaller 
quantities  in  the  fame  time,  we  may  fee  how  to  account 
for  the  fituation  of  the  leaf  of  gold  fufpended  between 
two  plates,  the  upper  one  continually  eledrified,  the  un¬ 
der  one  in  a  perfon’s  hand  ftanding  on  the  floor.  When 
the  upper  plate  is  eledrified,  the  leaf  is  attraded,  and 
railed  towards  it,  and  would  fly  to  that  plate,  were  it  not 
for  its  own  points.  The  corner  that  happens  to  be  up- 
permoft  when  the  leaf  is  riling,  being  a  fharp  point,  from 
the  extream  thinnefs  of  the  gold,  draws  and  receives  at 
a  diftance  a  fufficient  quantity  of  the  eledric  fluid  to 
give  itfelf  an  eledric  atmofphere,  by  which  its  progrefs 
to  the  upper  plate  is  flopt,  and  it  begins  to  be  repelled 
from  that  plate,  and  would  be  driven  back  to  the 
under  plate,  but  that  its  1  owe  ft  corner  is  likewife  a 
point,  and  throws  off  or  difeharges  the  overplus  of  the 
leaf’s  atmofphere,  as  faft  as  the  upper  comer  draws  it 
on.  Were  thefe  two  points  perfedly  equal  in  acutenefs, 

the  leaf  would  take  place  exadly  in  the  middle  fpace, 

for 
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*  '*  ' 

for  its  weight  is  a  trifle,  compared  to  the  power  ading 
on  it  :  But  it  is  generally  neared  the  uneledrified  plate, 
bccaufe,  when  the  leaf  is  offered  to  the  eledrified  plate, 
at  a  diftance,  the  (harped  point  is  commonly  firft  affeded 
and  raifed  towards  it  ;  fo  that  point,  from  its  greater 
acutenefs,  receiving  the  fluid  fader  than  its  oppofite  can 
difcharge  it  at  equal  didances,  it  retires  from  the  electri¬ 
fied  plate,  and  draws  nearer  to  the  uneledrified  plate, 
till  it  comes  to  a  diftance  where  the  difcharge  can  be  ex¬ 
actly  equal  to  the  receipt,  the  latter  being  leffened,  and 
the  former  encreafed  ;  and  there  it  remains  as  long  as  the 
globe  continues  to  fupply  fre(h  eledrical  matter.  This 
will  appear  plain,  when  the  difference  of  acutenefs  in 
the  corners  is  made  very  great.  Cut  a  piece  of  Dutch 
gold  (which  is  fitted:  for  thefe  experiments  on  account  of 
its  greater  ftrength)  into  the  form  of  Fig.  io.  the  up¬ 
per  corner  a  right  angle,  the  two  next  obtufe  angles, 
and  the  lowed:  a  very  acute  one y  and  bring  this  on  your 
plate  under  the  eledrified  plate,  in  fuch  a  manner  as 
that  the  right-angled  part  may  be  firft  raifed  (which  is 
done  by  covering  the  acute  part  with  the  hbilow  of  your 
hand)  and  you  will  fee  this  leaf  take  place  much  nearer 
to  the  upper  than  the  under  plate  y  becaufe  without 
being  nearer,  it  cannot  receive  fo  faff  at  its  right-angled 
point,  as  it  can  difcharge  at  its  acute  one.  Turn  this, 
leaf  with  the  acute  part  uppermost,  and  then  it  takes 
place  neared  the  uneledrified  plate ;  becaufe,  otherwife* 
it  receives  fader  at  its  acute  point  than  it  can  difcharge 

at 
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at  its  right-angled  one.  Thus  the  difference  of  diftance 
is  always  proportioned  to  the  difference  of  acutenefs. 
Take  care  in  cutting  your  leaf,  to  leave  no  little  ragged 
particles  on  the  edges,  which  fometimes  form  points 
where  you  would  not  have  them.  You  may  make  this 
figure  fo  acute  below,  and  blunt  above,  as  to  need  no  under 
plate,  it  difcharging  fall  enough  into  the  air.  When  it  is 
made  narrower,  as  the  figure  between  the  pricked  lines, 
we  call  it  the  Golden  Fijh ,  from  its  manner  of  acting.  For 
if  you  take  it  by  the  tail,  and  hold  it  at  a  foot  or  greater 
horizontal  diftance  from  the  prime  conduclox,  it  will, 
when  let  go,  fly  to  it  with  a  brifk  but  wavering  motion, 
like  that  of  an  eel  through  the  water  5  it  will  then  take 
place  under  the  prime  condudor,  at  perhaps  a  quarter 
j  or  half  an  inch  diftance,  and  keep  a  continual  ftiaking  of 
its  tail  like  a  fifh,  fo  thatitfeems  animated.  Turn  its  tail 
towards  the  prime  conductor,  and  then  it  flies  to  your 
finger,  and  feems  to  nibble  it.  And  if  you  hold  a  plate 
under  it  at  fix  or  eight  inches  diftance,  and  ceafe  turning 
the  globe,  when  the  eledrical  atmofphere  of  the  conduc¬ 
tor  grows  fmall,  it  will  defcend  to  the  plate  and  fwim  back 
again  feveral  times  with  the  fame  fifh-like  motion,  greatly 
to  the  entertainment  of  fpedators.  By  a  little  pradice  in 
blunting  or  fharpening  the  heads  or  tails  of  thefe  figures, 

you  may  make  them  take  place  as  defired,  nearer  or  farther 

# 

from  the  eledrified  plate. 

27.  It  is  faid  in  Sedion  8,  of  this  paper,  that  all  kinds  00 
common  matter  are  fuppofed  not  to  attrad  the  eledrical 

fluid 
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fluid  with  equal  fbength  *,  and  that  thofe  called  eledtrics 
per  fe9  as  glafs,  &c.  attradl  and  retain  it  ftrongeft,  and  con¬ 
tain  the  greateft  quantity.  This  latter  pofition  may  feem 
a  paradox  to  feme,  being  contrary  to  the  hitherto  received 
opinion  •  and  therefore  I  fhall  now  endeavour  to  explain  it. 

28.  In  order  to  this,  let  it  firft  be  confider’d,  that  we 
cannot  by  any  means  we  are  yet  acquainted  with ,  force  the 
electrical  fluid  thro ’  glafs .  I  know  it  is  commonly  thought 
that  it  eafily  prevades  glafs ;  and  the  experiment  of  a  feather 
fufpended  by  a  thread,  in  a  bottle  hermetically  fealed,  yet 
moved  by  bringing  a  rubbed  tube  near  the  ou  tilde  of  the 
bottle,  is  alledged  to  prove  it.  But,  if  the  eledtrical  fluid 
fo  eafily  pervades  glafs,  how  does  the  vial  become  charged 
(as  we  term  it)  when  we  hold  it  in  our  hands  ?  Would 
not  the  fire  thrown  in  by  the  wire,  pafs  through  to  our 
hands,  and  fo  efcape  into  the  floor  ?  Would  not  the  bot¬ 
tle  in  that  cafe  be  left  juft  as  we  found  it,  uncharged,  as 
we  know  a  metal  bottle  fo  attempted  to  be  charged  would 
be  ?  Indeed,  if  there  be  the  leaft  crack,  the  minuteft 
folution  of  continuity  in  the  glafs,  though  it  remains  fo 
tight  that  nothing  elfe  we  know  of  will  pafs,  yet  the  ex¬ 
tremely  fubtile  eleftric  fluid  flies  through  fuch  a  crack 
with  the  greateft  freedom,  and  fuch  a  bottle  we  know 

can  never  be  charged  :  What  then  makes  the  difference 
» 

between  fuch  a  bottle  and  one  that  is  found,  but  this,  that 
the  fluid  can  pafs  through  the  one,  and  not  through  the 
other  *  ? 

*  See  the  firft  fixteen  Sections  of  the  former  paper,  called  Farther  Ex¬ 
periments  ^  See. 

L  29.  It 
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29.  It  is  true,  there  is  m  experiment  that  at  firft  fight 
would  be  apt  to  fatisfy  a  flight  obferver,  that  the  fire 
thrown  into  the  bottle  by  the  wire,  does  really  pafs  thro* 
the  glafs.  It  is  this :  place  the  bottle  on  a  glafs  ftand,  un¬ 
der  the  prime  conductor ;  fufpend  a  bullet  by  a  chain  from 
the  prime  conductor,  till  it  comes  within  a  quarter  of  an 
inch  right  over  the  wire  of  the  bottle  $  place  your  knuckle 
on  the  glafs  ftand,  at  juft  the  fame  diftance  from  the 
coating  of  the  bottle,  as  the  bullet  is  from  its  wire.  Now 
let  the  globe  be  turned,  and  you  fee  a  fpark  ftrike  from 
the  bullet  to  the  wire  of  the  bottle,  and  the  fame  inftant 
you  fee  and  feel  an  exadtly  equal  fpark  ftriking  from  the 
coating  on  your  knuckle,  and  fo  on,  fpark  for  fpark.  This 
looks  as  if  the  whole  received  by  the  bottle  was  again 
difcharged  from  it.  And  yet  the  bottle  by  this  means  is 
charged  !*  And  therefore  the  fire  that  thus  leaves  the 
bottle,  though  the  fame  in  quantity,  cannot  be  the  very 
fame  fire  that  entered  at  the  wire,  for  if  it  were,  the  bottle 
would  remain  uncharged. 

30.  If  the  fire  that  fo  leaves  the  bottle  be  not  the  fame 
that  is  thrown  in  through  the  wire,  it  mull  be  fire  that  fub- 
fifted  in  the  bottle,  (that  is,  in  the  glafs  of  the  bottle)  be¬ 
fore  the  operation  began. 

31.  If  fo,  there  muft  be  a  "great  quantity  in  glafs,  be- 
caufe  a  great  quantity  is  thus  difcharged,  even  from  very 

thin  glafs. 

*  See  Seft,  10,  of  Farther  Experiments,  &V, 

32,  That 
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32.  That  this  eledrical  fluid  or  fire  is  ftrongly  attraded 
by  glafs,  we  know  from  the  quicknefs  and  violence  with 
which  it  is  refumed  by  the  part  that  had  been  deprived  of 
it,  when  there  is  an  opportunity.  And  by  this,  that  we 
cannot  from  a  mafs  of  glafs,  draw  a  quantity  of  eledric 
fire,  or  eledrify  the  whole  mafs  minus ,  as  we  can  a  mafs 
of  metal.  We  cannot  leflen  or  increafe  its  whole  quanti¬ 
ty,  for  the  quantity  it  has  it  holds  ;  and  it  has  as  much  as 
it  can  hold.  Its  pores  are  filled  with  it  as  full  as  the  mu¬ 
tual  repellency  of  the  particles  will  admit  ;  and  what  is  al¬ 
ready  in,  refufes,  or  ftrongly  repels,  any  additional  quantity. 
Nor  have  we  any  way  of  moving  the  eledrical  fluid  in 
glafs,  but  one ;  that  is,  by  covering  part  of  the  two  fur- 
faces  of  thin  glafs  with  non-eledrics,  and  then  throwing 
an  additional  quantity  of  this  fluid  on  one  furface,  which 
ipreading  in  the  non-eledric,  and  being  bound  by  it  to 
that  furface,  ads  by  its  repelling  force  on  the  particles  of 
the  eledrical  fluid  contained  in  the  other  furface,  and  drives 
them  out  of  the  glafs  into  the  non-eledric  on  that  fide, 
from  whence  they  are  difcharged,  and  then  thofe  added 
on  the  charged  fide  can  enter.  But  when  this  is  done, 
theie  is  no  more  in  the  glais,  nor  lefs  than  before,  juft  as 
much  having  left  it  on  one  fide  as  it  received  on  the  other. 

33*  ^  feel  a  want  of  terms  here,  and  doubt  much  whe¬ 
ther  I  fhall  be  able  to  make  this  part  intelligible.  By  the 
word  furjcce,  in  this  cafe,  I  do  not  mean  mere  length  and 
breadth  without  thicknefs  ;  but  when  I  fpeak  of  the  up¬ 
per  01  under  furtace  of  a  piece  of  glafs,  the  outer  or  in- 
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ner  iarface  of  the  vial,  I  mean  length,  breadth,  and  half 
the  thicknefs,  and  beg  the  favour  of  being  fo  underftood; 
Now,  I  fuppofe,  thatglafs  in  its  firft  principles,  and  in  the 
furnace,  has  no  more  of  this  eledrical  fluid  than  other 
common  matter  :  That  when  it  is  blown,  as  it  cools,  and 
the  particles  of  common  fire  leave  it,  its  pores  become  a 
vacuum  :  That  the  component  parts  of  glafs  are  extremely 
fmall  and  fine,  1  guefs  from  its  never  fhowing  a  rough 
face  when  it  breaks,  but  always  a  polifh  5  and  from  the 
fmallnefs  of  its  particles  I  fuppofe  the  pores  between  them 
mu  ft  be  exceeding  fmall,  which  is  the  reafon  that  aqua¬ 
fortis,  nor  any  other  menftruum  we  have,  can  enter  to  fe- 
parate  them  and  diffolve  the  fubftance ;  nor  is  any  fluid 
we  know  of,  fine  enough  to  enter,  except  common  fire, 
and  the  eledric  fluid.  Now  the  departing  fire  leaving 
a  vacuum,  as  aforefaid,  between  thefe  pores,  which  air 
nor  water  are  fine  enough  to  enter  and  fill,  the  eledric 
fluid,  (which  is  every  where  ready  in  what  we  call  the 
non-eledrics,  and  in  the  non-eledric  mixtures  that  are  in 
the  air)  is  attraded  in  5  yet  does  not  become  fixed  with  the 
fubftance  of  the  glafs,  but  fubfifts  there  as  water  in  a  po¬ 
rous  ftone,  retained  only  by  the  attradion  of  the  fixed 
parts,  itfelf  ftili  loofe  and  a  fluid.  But  I  fuppofe  farther, 
that  in  the  cooling  of  the  glafs,  its  texture  becomes  clofe.fi: 
in  the  middle,  and  forms  a  kind  of  partition,  in  which  the 
pores  are  fo  narrow,  that  the  particles  of  the  eledrical 
fluid,  which  enter  both  furfaces  at  the  fame  time,  cannot 
go  through,  or  pafs  and  repafs  from  one  furface  to  the 

other, 
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other,  and  fo  mix  together ;  yet,  though  the  particles  of 
eleftric  fluid,  imbibed  by  each  furface,  cannot  themfelves 
pafs  through  to  thole  of  the  other,  their  repellency  can, 
and  by  this  means  they  aft  on  one  another.  The  particles 
of  the  eledtric  fluid  have  a  mutual  repellency,  but  by  the 
power  of  attraction  in  the  glafs  they  are  condenfed  or 
torced  nearer  to  each  other.  When  the  Rials  has  received, 
and,  by  its  attraction,  forced  clofer  together  fo  much  of 
this  eleCtnc  fluid,  as  that  the  power  of  attracting  and 
condenfing  in  the  one,  is  equal  to  the  power  of  expanfion 
in  the  otner,  it  can  imbibe  no  more,  and  that  remains  its 
constant  whole  quantity  ;  but  each  furface  would  receive 
more,  if  the  repellency  of  Vvhat  is  in  the  oppofite  furface 
did  not  relift  its  entrance.  The  quantities  of  this  fluid  in 
each  furface  being  equal,  their  repelling  aCtion  on  each 
other  is  equal ;  and  therefore  thofe  of  one  furface  cannot 
drive  out  thofe  of  the  other  ;  but,  if  a  greater  quantity  is 
lorced  into  one  furface  than  the  glafs  would  naturally 
draw  in,  this  increafes  the  repelling  power  on  that  fide, 
and  overpowering  the  attraction  on  the  other,  drives  out 
part  of  the  fluid  that  had  been  imbibed  by  that  furface,  if 
there  be  any  non-eleCtric  ready  to  receive  it :  fuch  there  is 
in  all  cafes  where  glafs  is  electrified  to  give  a  fhock.  The 
iurface  tnat  has  been  thus  emptied  by  having  its  eleCtrical 
fluid  driven  out,  relumes  again  an  equal  quantity  with  vio¬ 
lence,  as  foon  as  the  glafs  has  an  opportunity  to  difcharge 
that  over  quantity  more  than  it  could  retain  by  attraction 
in  its  other  furface,  by  the  additional  repellency  of  which 
'  the 
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the  vacuum  had  been  occafioned.  For  experiments  fa¬ 
vouring  (if  I  may  not  fay  confirming)  this  hypothefis,  I 
mu  ft,  to  avoid  repetition,  beg  leave  to  refer  you  back  to 
what  is  faid  of  the  electrical  phial  in  my  former  pa¬ 
pers. 

34.  Let  us  now  fee  how  it  will  account  for  feveral 
other  appearances. — Glafs,  a  body  extremely  elaflic  (and 
perhaps  its  elafticity  may  be  owing  in  fome  degree  to  the 
fubfifting  of  fo  great  a  quantity  of  this  repelling  fluid 
in  its  pores)  muft,  when  rubbed,  have  its  rubbed  fur- 
face  fomewhat  ftretched,  or  its  folid  parts  drawn  a  little 
farther  afunder,  fo  that  the  vacancies  in  which  the  elec¬ 
trical  fluid  refides,  become  larger,  affording  room  for 
more  of  that  fluid,  which  is  immediately  attracted  into  it 
from  the  cufhion  or  hand  rubbing,  they  being  fupplied 
from  the  common  ftock.  But  the  inftant  the  parts  of  the 
glafs,  fo  opened  and  filled,  have  paffed  the  friction,  they 
clofe  again,  and  force  the  additional  quantity  out  upon 
the  furface,  where  it  muft  reft  till  that  part  comes  round 
to  the  cufhion  again,  unlefs  fome  nomeleCtric  (as  the 
prime-conduCtor)  firft  prefents  to  receive  it  But  if  the 
infide  of  the  globe  be  lined  with  a  non-eleCtric,  the  ad- 
k  ditional  repellency  of  the  eleCtrical  fluid,  thus  collected 

*  In  the  dark  the  eleCtric  fluid  may  be  feen  on  the  cufhion  in  two  fe- 
mi-circles  or  half-moons,  one  on  the  fore  part,  the  other  cn  the  back  part 
of  the  cufhion,  juft  where  the  globe  and  cufhion  feparate/  In  the  fore 
crefcent  the  fire  is  palling  out  of  the  cufhion  into  the  glafs ;  in  the  other 
it  is  leaving  the  glafs,  and  returning  into  the  back  part  of  the  cufhion. 
When  the  prime  conductor  is  appjy’d  to  take  it  off  the  glafs,  the  back 
crefcent  difappears. 

'  by 
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by  fridtion  on  the  rubb’d  part  of  the  globe’s  outer  fur- 
face,  drives  an  equal  quantity  out  of  the  inner  furface  into 
that  non-eledtric  lining,  which  receiving  it,  and  carrying 
it  away  from  the  rubb’d  part  into  the  common  mafs, 
through  the  axis  of  the  globe,  and  frame  of  the  ma¬ 
chine,  the  new  colledted  eledtrical  fluid  can  enter  and  re¬ 
main  in  the  outer  furface,  and  none  of  it  (or  a  very  little) 
will  be  received  by  the  prime  conductor.  As  this  charg’d 
part  of  the  globe  comes  round  to  the  cufhion  again,  the 
outer  furface  delivers  its  overplus  fire  into  the  cufhion,  the 
oppofite  inner  furface  receiving  at  the  fame  time  an  equal 
quantity  from  the  floor.  Every  electrician  knows  that  a 
globe  wet  within  will  afford  little  or  no  fire,  but  the  rea- 

fon  has  not  before  been  attempted  to  be  given,  that  I 
know  of. 

34.  So  if  a  tube  lined  with  a  *  non-eledtric,  be  rubb’d* 
little  or  no  fire  is  obtained  from  it.  What  is  colledted 
from  the  hand  in  the  downward  rubbing  ftroke,  entering 
the  pores  of  the  glafs,  and  driving  an  equal  quantity  out 
of  the  inner  furface  into  the  non-eledtric  lining  :  and  the 
hand  in  paffing  up  to  take  a  fecond  ftroke,  takes  out 
again  what  had  been  thrown  into  the  outer  furface,  and 
then  the  inner  furface  receives  back  again  what  it  had 
given  to  the  non-eledtric  lining.  Thus  the  particles  of 
eledtrical  fluid  belonging  to  the  in  fide  furface  go  in  and 
out  of  their  pores  every  ftroke  given  to  the  tube.  Put  a 

f  Gilt  Paper*  with  the  gilt  face  nest  the  glafs,  does  well. 

L  . 
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wire  into  the  tube,  the  inward  end  in  contad  with  the 
non-eledric  lining,,  fo  it  will  represent  the  Leyden  bottle. 
Let  a  fecond  perfon  touch  the  wire  while  you  rub,  and 
the  fire  driven  out  of  the  inward  furface  when  you  give 
the  ftroke,  will  pals  through  him  into  the  common  mafs, 
and  return  through  him  when  the  inner  furface  refumes 
its  quantity,  and  therefore  this  new  kind  of  Leyden  bot¬ 
tle  cannot  be  fo  charged.  But  thus  it  may  :  after  every 
ftroke,  before  you  pafs  your  hand  up  to  make  another, 
let  the  fecond  perfon  apply  his  finger  to  the  wire,  take 
the  fpark,  and  then  withdraw  his  finger  $  and  fo  on  till 
he  has  drawn  a  number  of  fparks ;  thus  will  the  inner 
furface  be  exhaufted,  and  the  outer  furface  charged  ;  then 
wrap  a  fheet  of  gilt  paper  clofe  round  the  outer  furface, 
and  grafping  it  in  your  hand  you  may  receive  a  fhock 
by  applying  the  finger  of  the  other  hand  to  the  wire  : 
for  now  the  vacant  pores  in  the  inner  furface  refume 
their  quantity,  and  the  overcharg'd  pores  in  the  outer  fur¬ 
face  difcharge  that  overplus  ;  the  equilibrium  being  re- 
ftored  through  your  body,  which  could  not  be  reftored 
through  the  glafs  *,  If  the  tube  be  exhaufted  of  air,  a 
non-eledric  lining,  in  contad  with  the  wire,  is  not  necef- 
fary  ;  for  in  vacuo^  the  eledrical  fire  will  fly  freely  from 
the  inner  furface,  without  a  non-eledric  condudor  : 
but  air  re  lifts  in  motion  ;  for  being  itfelf  an  eledric  per 


*  See  Farther  Experiments?  $e£t,  15. 
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Je ,  it  does  not  attract  it,  having  already  its  quantity.  So 
the  air  never  draws  off  an  eledtric  atmofphere  from  any 
body,  but  in  proportion  to  the  non-ele£trics  mix’d  with 
it  :  it  rather  keeps  fuch  an  atmofphere  confin’d,  which 
from  the  mutual  repulfion  of  its  particles,  tends  to  difil- 
pation,  and  would  immediately  diflipate  in  vacuo.—  And 
thus  the  experiment  of  the  feather  inclofed  in  a  glafs 
veffel  hermetically  fealed,  but  moving  on  the  approach 
of  the  rubbed  tube,  is  explained  :  When  an  additional 
quantity  of  the  eledtrical  fluid  is  applied  to  the  fide  of 
the  veffel  by  the  atmofphere  of  the  tube,  a  quantity  is 
repelled  and  driven  out  of  the  inner  furface  of  that  fide 
into  the  veffel,  and  there  affects  the  feather,  returning 
again  into  its  pores,  when  the  tube  with  its  atmofphere  is 
withdrawn  j  not  that  the  particles  of  that  atmofphere  did 
themfelves  pafs  through  the  glafs  to  the  feather. — And 
every  other  appearance  I  have  yet  feen,  in  which  glafs 
and  electricity  are  concerned,  are,  I  think,  explained  with 
equal  eafe  by  the  fame  hypothefis.  Yet,  perhaps,  it  may 
not  be  a  true  one,  and  I  fhall  be  obliged  to  him  that  affords 
me  a  better* 

35.  Thus  I  take  the  difference  between  non  eledtrics, 
and  glafs,  an  eledtric  per  fe,  to  confift  in  thefe  two  par¬ 
ticulars.  iff,  That  a  non-eledtric  eafily  fuffers  a  change 
in  the  quantity  of  the  electric  fluid  it  contains.  You 
may  leffen  its  whole  quantity,  by  drawing  out  a  part, 
which  the  whole  body  will  again  refume ;  but  of  glafs 
you  can  only  leffen  the  quantity  contained  in  one  of  its 

M  fur- 
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furfaces  5  and  not  that,  but  by  fupplying  an  equal  quantity 
at  the  fame  time  to  the  other  furface  $  fo  that  the  whole 
glafs  may  always  have  the  fame  quantity  in  the  two  fur- 
faces,  their  two  different  quantities  being  added  together. 
And  this  can  only  be  done  in  glafs  that  is  thin  ;  beyond 
a  certain  thicknefs  we  have  yet  no  power  that  can  make 
this  change.  And,  adly,  that  the  eleCtric  fire  freely  re¬ 
moves  from  place  to  place,  in  and  through  the  fubftance 
of  a  non-eleCtric,  but  not  fo  through  the  fubftance  of 
glafs.  If  you  offer  a  quantity  to  one  end  of  a  long  rod 
of  metal,  it  receives  it,  and  when  it  enters,  every  par¬ 
ticle  that  was  before  in  the  rod,  pufhes  its  neighbour 
quite  to  the  further  end,  where  the  overplus  is  difeharged 
and  this  inftantaneoufly  where  the  rod  is  part  of  the  circle 
in  the  experiment  of  the  fhock.  But  glafs,  from  the 
fmallnefs  of  its  pores,  or  ftronger  attraction  of  what  it 

contains,  refufes  to  admit  fo  free  a  motion  $  a  glafs  rod 
will  not  conduCt  a  fhock,  nor  will  the  thinneft  glafs  fuffer 
any  particle  entering  one  of  its  furfaces  to  pafs  through  to 
the  other. 

36.  Hence  we  fee  the  impoffibility  of  fuccefs  In  the 
experiments  propofed,  to  draw  out  the  effluvial  virtues  of 
a  non-eleCtric,  as  cinnamon  for  inftance,  and  mixing  them 
with  the  eleCtric  fluid,  to  convey  them  with  that  into 
the  body,  by  including  it  in  the  globe,  and  then  apply¬ 
ing  friction,  &c.  For  though  the  effluvia  of  cinnamon, 
and  the  eleCtric  fluid  fhould  mix  within  the  globe,  they 
would  never  come  out  together  through  the  pores  of  the 

glafs. 
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glafs,  and  fo  go  to  the  prime  condudor  ;  for  the  elec¬ 
tric  fluid  itfelf  cannot  come  through  ;  and  the  prime 
conductor  is  always  fupply’d  from  the  cufhion,  and  that 
from  the  floor.  And  befides,  when  the  globe  is  filled 
with  cinnamon,  or  other  non-eledric,  no  eledric  fluid 
can  be  obtained  from  its  outer  furface,  for  the  reafon  be¬ 
fore-mentioned.  I  have  tried  another  way,  which  I 
thought  more  likely  to  obtain  a  mixture  of  the  eledric 

and  other  effluvia  together,  if  fuch  a  mixture  had  been 

*  *  * 

pofiible.  I  placed  a  glafs  plate  under  my  cufhion,  to  cut 
off  the  communication  between  the  cufhion  and  floor  ; 

r  a  * 

then  brought  a  fmall  chain  from  the  cufhion  into  a  glafs 
of  oil  of  turpentine,  and  carried  another  chain  from  the 
oil  of  turpentine  to  the  floor,  taking  care  that  the  chain 
from  the  cufhion  to  the  glafs,  touch’d  no  part  of  the  frame 
of  the  machine.  Another  chain  was  fixed  to  the  prime 
condudor,  and  held  in  the  hand  of  a  perfon  to  be  elec- 
trifed.  The  ends  of  the  two  chains  in  the  glafs  were 
near  an  inch  diftant  from  each  other,  the  oil  of  turpen- 

f  T  *  f  * 

tine  between.  Now  the  globe  being  turned,  could  draw 
no  fire  from  the  floor  through  the  machine,  the  com¬ 
munication  that  way  being  cut  off  by  the  thick  glafs  plate 
under  the  cufhion  :  it  muft  then  draw  it  through  the 
chains  whofe  ends  were  dipped  in  the  oil  of  turpentine. 
And  as  the  oil  of  turpentine,  being  an  eledric  per  fe, 
would  not  condud,  what  came  up  from  the  floor  was 
©bliged  to  jump  from  the  end  of  one  chain  to  the  end  of 
the  other,  through  the  fubftance  of  that  oil,  which  we 

M  2  could 
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could  fee  in  large  fparks,  and  fo  it  had  a  fair  opportunity 
of  feizing  fome  of  the  fined:  particles  of  the  oil  in  itspaf- 
fage,  and  carrying  them  off  with  it  :  but  no  fuch  effed 
followed,  nor  could  I  perceive  the  pea  ft  difference  in  the 
frneil  of  the  eledric  effluvia  thus  colleded,  from  what 
it  has  when  colleded  otherwife,  iior  does  it  otherwife 
affed  the  body  of  a  perfon  eledrifled.  I  like  wife  put 

into  a  phial,  inffead  of  water,  a  ftrong  purgative  liquid, 

-  *  -  * 

and  then  charged  the  phial,  and  took  repeated  (hocks 
from  it,  in  which  cafe  every  particle  of  the  eledrical 
fluid  muff,  before  it  went  through  my  body*  have  firft 
gone  through  the  liquid  when  the  phial  is  charging,  and 

returned  through  it  when  difcharging,  yet  no  other  effed 

- 

followed  than  if  it  had  been  charged  with  water.  I  have 
alfo  fmelt  the  eledric  fire  when  drawn  thro’  gold,  filver, 
copper,  lead,  iron,  wood,  and  the  human  body,  and 
could  perceive  no  difference ;  the  odour  is  always  the 
fame  where  the  fpark  does  not  burn  what  it  ftrikes  and 
therefore  I  imagine  it  does  not  take  that  fmell  from  any 
quality  of  the  bodies  it  paffes  through.  And  indeed,  as 
that  fmell  fo  readily  leaves  the  eledric  matter,  and  ad¬ 
heres  to  the  knuckle  receiving  the  fparks,  and  to  other 
things  ^  I  fufped  that  it  never  was  conneded  with  it* 
but  arifes  inftantaneoufly  from  fomething  in  the  air  aded 
upon  by  it.  For  if  it  was  fine  enough  to  come  with  the 
eledric  fluid  through  the  body  of  one  perfon,  why  fhould 
it  flop  on  the  ikin  of  another  ? 


But 
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Bat  I  (hall  never  have  done,  if  I  tell  you  all  my  eon- 
jedures,  thoughts,  and  imaginations  on  the  nature  and 
operations  of  this  electric  fluid,  and  relate  the  variety  of 
little  experiments  we  have  tried.  I  have  already  made 
this  paper  too  long,  for  which'  I  mud  crave  pardon,  not 
having  now  time  to  make  it  fhorter.  I  fhall  only  add, 
that  as  it  has  been  obferved  here  that  fpirits  will  fire  by 
the  eledric  fpark  in  the  fummer  time,  without  heating 
them,  when  Fahrenheit's  thermometer  is  above  70 *  fo 
when  colder,  if  the  operator  puts  a  fmall  flat  bottle 
of  fpirits  in  his  bofom,  or  a  clofe  pocket,  with  the  fpoon, 
fome  little  time  before  he  ufes  them,  the  heat  of  his  body 
will  communicate  warmth  more  than  fuflxcient  for  the 
purpofe, 


A  D  D  I- 
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ADDITIONAL  EXPERIMENT: 


Proving  that  the  Leyden  Bottle  has  no  more  electrical  Fire 
in  it  when  charged ,  than  before  \  nor  lefs  when  difcharg - 
ed :  That,  in  dif charging ,  the  Fire  does  not  iffue  from  the 
Wire  and  the  Coating  at  the  fame  Time ,  as  feme  have 
thought ,  but  that  the  Coating  always  receives  what  is  dif 
charged  by  the  Wire,  or  an  equal  Quantity  ;  the  ’ cuter 
Surface  being  always  in  a  negative  State  of  Electricity, 
when  the  inner  Surface  is  in  a  poftive  State . 

i  •  '■  "  r  "■  -  ••  ■ 

PL  A  C  E  a  thick  plate  of  glafs  under  the  rubbing 
cufhion,  to  cut  off  the  communication  of  eledlri- 
cal  fire  from  the  floor  to  the  cufhion  $  then,  if  there  be 
no  fine  ^points  or  hairy  threads  flicking  out  from  the 
cufhion,  or  from  the  parts  of  the  machine  oppofite  to 
the  cufhion,  (of  which  you  muft  be  careful)  you  can  get 
but  a  few  fparks  from  the  prime  condudlor,  which  are  all 
the  cufhion  will  part  with. 

Hang  a  phial  then  on  the  prime  conductor,  and  it  will 
not  charge  though  you  hold  it  by  the  coating. — But 
Form  a  communication  by  a  chain  from  the  coating  to 
the  cufhion,  and  the  phial  will  charge. 

For  the  globe  then  draws  the  eledtric  fire  out  of  the 
outfide  furface  of  the  phial,  and  forces  it  through  the 
prime  conductor  and  wire  of  the  phial,  into  the  infide 
furface. 


Thus 
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Thus  the  bottle  is  charged  with  its  own  fire,  no  other 
being  to  be  had  while  the  glafs  plate  is  under  the 

cufhion, 

/ 

Hang  two  cork  balls  by  flaxen  threads  to  the  prime  eon- 
dudor  ;  then  touch  the  coating  of  the  bottle,  and  they 
will  be  electrified  and  recede  from  each  other. 

For  juft  as  much  fire  as  you  give  the  coating,  fo  much 
is  difcharged  through  the  wire  upon  the  prime  condudor, 
whence  the  cork  balls  receive  an  electrical  atmofphere. 

V  ® 

• — But, 

Take  a  wire  bent  in  the  form  of  a  C,  with  a  flick  of 
wax  fixed  to  the  outfide  of  the  curve,  to  hold  it  by ;  and 
apply  one  end  of  this  wire  to  the  coating,  and  the  other 
at  the  fame  time  to  the  prime  condudor,  the  phial  will 
be  difcharged  ;  and  if  the  balls  are  not  eledrified  before 
the  difcharge,  neither  will  they  appear  to  be  fo  after  the 
difcharge,  for  they  will  not  repel  each  other. 

Now  if  the  fire  difcharged  from  the  infide  furface  of 
the  bottle  through  its  wire,  remained  on  the  prime  con¬ 
dudor,  the  balls  would  be  eledrified,  and  recede  from  each 

other. 

If  the  phial  really  exploded  at  both  ends,  and  difchar¬ 
ged  fire  from  both  coating  and  wire,  the  balls  would  be 
more  eledrified,  and  recede  farther  ;  for  none  of  the  fire 
can  efcape,  the  wax  handle  preventing. 

But  if  the  fire,  with  which  the  infide  furface  is  furehar- 
aed,  be  fo  much  precifely  as  is  wanted  by  the  outfide  fur¬ 
face,  it  will  pafs  round  through  the  wire  fixed  to  the  wax 

handle.,, 
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handle,  reftore  the  equilibrium  in  the  glafs,  and  make  nr 
alteration  in  the  ftate  of  the  prime  conductor . 

Accordingly  we  find,  that  if  the  prime  conductor  be 
electrified,  and  the  cork  balls  in  a  ftate  of  repellency  be¬ 
fore  the  bottle  is  difcharged,  they  continue  fo  afterwards. 
If  not,  they  are  not  electrified  by  that  difcharge. 


L  E  T% 
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LETTER 


FROM 


Benj.  Franklin,  Efc  of 


ICC* 


2 


T  O 


Peter  Collins  on,  Efq\  F.  R.  S.  at  London. 


SIR,  July  27,  I750. 

R  W-tf-n,  I  believe,  wrote  his  Obfervations  on 
my  laft  paper  in  hafte,  without  having  firft  well 
confidered  the  Experiments  related  §.  17.  *. 

which  ftill  appear  to  me  decifive  in  the  queftion, — Whether 
the  accumulation  of  the  elehlrical  fire  be  in  the  ekSlrified 
glafs,  or  in  the  noti-eleSlric  matter  conneftedwith  the  g  lafs  ? 
and  to  demonftrate  that  ’tis  really  in  the  glafs. 

As  to  the  experiment  that  ingenious  Gentleman  men¬ 
tions,  and  which  he  thinks  conclufive  on  the  other  fide, 
I  perfuade  myfelf  he  will  change  his  opinion  of  it,  when 
he  confiders,  that  as  one  perfon  applying  the  wire  of  the 
charged  bottle  to  warm  fpirits,  in  a  fpoon  held  by  another 


*  See  the  Paper  entitled.  Farther  Experiments,  &c. 
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perfon,  both  {landing  on  the  floor,  will  fire  the  fpirits,  and 
yet  fuch  firing  will  not  determine  whether  the  accumula-  * 
ticn  was  in  the  glafs  or  the  non-eleCtric ;  fo  the  placing 
another,  perfon  between  them,  ftanding  on  was,  with  a 
bafon  in  his  hand,  into  which  the  water  from  the  phial  is 
pour'd,  'while  he  at  the  infa?it  of  pouring  prefents  a  finger 
of  his  other  hand  to  the  fpirits,  does  not  at  all  alter  the 
cafe  5  the  fiream  from  the  phial,  the  fide  of  the  bafon, 
with  the  arms  and  body  of  the  perfon  on  the.  wax,  being 
all  together  but  as  one  long  wire,  reaching  from  the  in¬ 
ternal  furface  of  the  phial  to  the  fpirits, 

June  29,  1751.  In  Capt.  Waddell’ s  account  of  the  ef- 

c  .....  r  -  ■ 

fedts  of  lightning  on  his  fhip,  I  could  not  but  take  notice 
of  the  large  comazants  (as  he  calls  them)  that  fettled  on 
the  fpintles  at  the  top-mall:  heads,  and  burnt  like  very 

t  *  *•  * 

large  torches  (before  the  ftroke).  According  to,  my  o? 
pinion,  the  electrical  fire  was  then  drawing  off,  as  by 

points,  from  the  cloud  5  the  largenefs  of  the  flame  be¬ 
tokening  the  great  quantity  of  electricity  in  the  cloud  : 
and  had  there  been  a  good  wire  communication  from  the 
fpintle  heads  to  the  fea,  that  could  have  conducted  more 
freely  than  tarred  ropes,  or  mails  of  turpentine  wood,  I 
imagine  there  would  either  have  been  no  ftroke  5  or,  if  a 
ftroke,  the  wire  would  have  conducted  it  all  into  the  fea 
without  damage  to  the  (hip. 

His  compaffes  loft  the  virtue  of  the  load-ftone,  or  the 
poles  were  reverfed  ;  the  North  point  turning  to  the  South, 
-—By  Eleftricity  we  have  ( here  at  Philadelphia )  frequently 
* :  ^  given 
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given  polarity  to  needles,  and  revarfed  it  at  pleafure. 


Mr  Wilfon ,  at  London ,  tried  it  on  too  large  rnaffes,  and 

with  too  fmall  force. 


A  fhock  from  four  large  glafs  jars, Tent  through  a  fine 
fewing  needle,  gives  it  polarity,  and  it  will  traverfe  when 
laid  on  water.— -If  the  needle  when  ftruck  lies  Eaft  and 
Weft,  the  end  entered  by  the  eleftric  hlaft  points  North. 

It  it  lies  North  and  South,  the  end  that,  lay  towards 
the  North  will  continueto  point  North  when  placed  on 
water,  whether  the  fire  entered  at  that  end,  or  at  the  con¬ 
trary  end.  7 

<  *  *  ••• 

The  Polarity  given  is  ftrongeft  when  the  Needle  is  ftruck 
lying  North  and  South,  weakeft  when  lying  Eaft  and  Weft  ; 
perhaps  if  the  force  was  ftill  greater,  the  South  end,  en¬ 
ter’d  by  the  fire,  (when  the  needle  lies  North  and  South) 
might  oecome  the  North,  otherwife  it  puzzles  us  to  ac¬ 
count  for  the  inverting  of  compaffes  by  lightning  5  fince 
their  needles  muft  always  be  found  in  that  fituation,  and 
by  our  little  Experiments,  whether  the  blaft  entered  the 
North  and  went  out  at  the  South  end  of  the  needle,  or 

the  contrary,  ftill  the  end  that  lay  to  the  North  fhould 
continue  to  point  North. 

In  thefe  experiments  the  ends  of  the  needles  are  fonie- 
times  finely  blued  like  a  watch-fpring  by  the  eledlric  flame. 

This  colour  given  by  the  flafh  from  two  jars  only, 
will  wipe  off,  but  four  jars  fix  it,  and  frequently  melt 
the  needles.  I  fend  you  fome  that  have  had  their  heads  * 
and  points  melted  off  by  our  mimic  lightning ;  and  a  pin 
*  N  2  tJhat 
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that  had  its  point  malted  off,  and  fomo  part  of  its  head 
and  neck  run.  Sometimes  the  fur  face  on  the  body  of  the 
needle  is  alf®  run,  and  appears  blifter’d  when  examined  by 
•  a  magnifying  giafs  :  the  jars  I  make  ufe  of  hold  7  or  8 
gallons,  and  are  coated  and  lined  with  tin  foil  $  each  of 
them  takes  a  thoufand  turns*  of  a  globe  nine  inches  diame¬ 
ter  to  charge  it. 

I  lend  you  two  fpecimens  of  tin-foil  melted  between 
giafs,  by  the  force  of  two  jars  only. 

I  have  not  heard  that  any  of  your  European  ele&ricians 
have  ever  been  able  to  fire  gunpowder  by  the  eleftric 
flame. —We  do  it  here  in  this  manner. — A  fmall  car¬ 
tridge  is  filled  with  dry  powder,  hard  rammed,  fa  as  to 
bruife  fome  of  the  grains ;  two  pointed  wires  are  then 
thruft  in,  one  at  each  end,  the  points  approaching  each 
other  in  the  middle  of  the  cartridge  till  within  the  diftance 
of  half  an  inch  then,  the  cartridge  being  placed  in  the 
circle,  when  the  four  jars  are  difcharged,  the  eledtric 
flame  leaping  from  the  point  of  one  wire  to  the  point  of 
the  other,  within  the  cartridge  amongft  the  powder,  fires 
it ,  and  the  explofion  of  the  powder  is  at  the  fame  inftant 
with  the  crack  of  the  difcharge. 

Tours,  &c. 

B.  FRANKLIN* 

*  The  cufhion  being  afterwards  covered  with  a  long  flap  of  huckfkin, 
which  might  cling  to  the  globe  ;  and  care  being  taken  to  keep  that  flap  of 
a  due  temperature;  between,  too  dry  and  too  moift,  we  found  fo  much  more 
of  ihe  eledfric  Huid  was  obtained,  as  that  150  turns  were  fufficient.  1753. 
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LETTER  VII. 

♦  I  ■  :  %■  <  -  ;  J-,  •  ■'  .  ' 

FROM 

Bziff,  Franklin,  Efq\  of  Philadelphia , 

T  O 

C.  C.  Efq;  at  New -Tor k. 


SIR,  1 75*. 

T  Inclofe  you  anfwers,  fuch  as  my  prefent  hurry  of  bu- 
I  finefs  will  permit  me  to  make,  to  the  principal  que- 
JL  ries  contained  in  yours  of  the  28th  inftant,  and  beg 
leave  to  refer  you  to  the  latter  piece  in  the  printed  col¬ 
lection  of  my  papers,  for  farther  explanation  of  the  dif¬ 
ference  between  what  is  called  electrics  per  fe,  and  non 
eleSlrics.  When  you  have  had  time  to  read  and  confider 
thefe  papers,  I  will  endeavour  to  make  any  new  experi¬ 
ments  you  thall  propofe,  that  you  think  may  afford  far¬ 
ther  light  or  fatisfaCtion  to  either  of  us ;  and  fhall  be 
much  obliged  to  you  for  fuch  remarks,  objections,  &c.  as 
may  occur  to  you. — I  forget  whether  I  wrote  you  that  I 
have  melted  brafs  pins  and  fleel  needles,  inverted  the  poles 
of  the  magnetic  needle,  given  a  magnctifm  and  polarity  to 

needles 
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needles  that  had  none,  and  fired  dry  gunpowder  by  the 
eledtric  fpark.  I  have  five  bottles  that  contain  8  or  9  gal¬ 
lons  each,  two  of  which  charg’d,  are  fufficient  for  thofe 
purpofes :  but  I  can  charge  and  difcharge  them  altoge¬ 
ther.  There  are  no  bounds  (but  what  expence  and  labour 
give)  to  the  force  man  may  raife  and  ufe  in  the  eledtrical 
way  :,For  bottle  may  be  added  to  bottle  in  infinitum  and 
all  united  and  difcharged  together  as  one,  the  force  and 
effedt  proportioned  to  their  number  and  fize.  The  greateft 
known  effedts  of  common  lightning  may,  I  think,  with¬ 
out  much  difficulty,  be  exceeded  in  this  wTay,  which  a  few 
years  fince  could  not  have  been  believed,  and  even  now 
may  Teem  to  many  a  little  extravagant  to  fuppQfe.- — So  we 
are  got  beyond  the  fkill  of  Rabelais' s  devils  of  two  years 

old,  who,  he  humoroufly  fays,  had  only  learnt  to  thunder 

*  '  •  ;•  ■-  • 

and  lighten  a  little  round  the  head  of  a  cabbage. 

I  am ,  with  fmcere  refpeff. 

Tour  moft  obliged  humble  fervant , 


B.  FRANKLIN. 

»■  j i" 


J  l  ■  -  -• 

S' 
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‘  -  -  -  «» 

Queries  and  Aniwers  ref  err  d  to  in  the  forego - 

ing  Letter % 

Query.  Wherein  confifts  the  difference  between  an  elec* 
trie  and  a  non-eleffric  body  ? 

Anfzver.  The  terms  electric  per  fey  and  non-eledric, 
were  firfl:  ufed  to  diftinguifii  bodies,  on  a  miftaken  fup- 
pofition  that  thofe  called  eledtrics  per  fey  alone  contained 
eledtric  matter  in  their  fubftance,  which  was  capable  of 
being  excited  by  fridtion,  and  of  being  produced  or  drawn 
from  them,  and  communicated  to  thofe  called  non- 
eledtrics,  fuppofed  to  be  deffitute  of  it :  For  the  glafs,  &c. 
being  rubbed,  discover’d  ligns  of  having  it,  by  fnapping 
to  the  finger,  attracting,  repelling,  &c.  and  could  com¬ 
municate  thofe  figns  to  metals  and  water. — *  Afterwards 
it  was  found,  that  rubbing  of  glafs  would  not  produce  the 
elediric  matter,  unlefs  a  communication  was  preferved  be¬ 
tween  the  rubber  and  the  floor  ;  and  fubfequent  experi¬ 
ments  proved  that  the  eledtric  matter  was  really  drawn 
from  thofe  bodies  that  at  firfl  were  thought  to  have  none 
in  them.  Then  it  was  doubted  whether  glafs  and  other 
bodies  called  electrics  per  fe)  had  really  any  eledtric  matter 
in  them,  fince  they  apparently  afforded  none  but  what 
they  firfl:  extradled  from  thofe  which  had  been  called  non- 
eledtrics.  But  fome  of  my  experiments  (hew  that  glafs 
contains  it  in  great  quantity,  and  I  now  fufpedt  it  to  be 
pretty  equally  diffufed  in  all  the  matter  of  this  terraqueous 

globe 
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globe*  If  fo,  the  terms  electric  per  fe>  and  non  ele&ric] 
fhould  be  laid  afide  as  improper :  And  (the  only  difference 
being  this,  that  fome  bodies  will  conduit  electric  matter, 
and  others  will  not)  the  terms  conductor  and  non-conduBor 
may  fupply  their  place.  If  any  portion  of  eleCtric  matter 
is  applied  to  a  piece  of  conducting  matter,  it  penetrates 
and  flows  through  it,  or  fpreads  equally  on  its  furface  $  if 
applied  to  a  piece  of  nonconducting  matter,  it  will  do 
neither.  PerfeCt  conductors  of  eleCtric  matter  are  only 
metals  and  water.  Other  bodies  conducting  only  as  they 
contain  a  mixture  of  thofe  *  without  more  or  lefs  of 
which  they  will  not  conduit  at^all  This  (by  the  way) 

fhews  a  new  relation  between  metals  and  water  heretofore 

»  •  ■ 

unknown. 

To  illuftrate  this  by  a  comparifon,  which,  however,  can 
only  give  a  faint  refemblance.  EleCtric  matter  pafles 
through  conductors  as  water  pafles  through  a  porous  ftone, 
or  fpreads  on  their  furfaces  as  water  fpreads  on  a  wet 
ftone  ‘9  but  when  applied  to  non-conduCtors,  it  is  like  wa¬ 
ter  dropt  on  a  greafy  ftone,  it  neither  penetrates,  pafles 
through,  nor  fpreads  on  the  furface,  but  remains  in  drops 
where  it  falls.  See  farther  on  this  head  in  my  laft  printed 
piece. 

Query.  What  are  the  effeits  of  air  in  electrical  experi¬ 
ments  ? 

Anfwer .  All  I  have  hitherto  obferved,  are  thefe.  Moift 

air 

*  This  proportion  is  fince  found  to  be  too  general  ;  Mr  Wilfon  having 
difcovered  that  melted  wax  and  rohn  will  alfo  conduct. 
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air  receives  and  conduds  the  eledrical  matter  in  propor¬ 
tion  to  its  moifture,  quite  dry  air  not  at  all  :  air  is  there¬ 
fore  to  be  clafs’d  with  the  non-condudors.  Dry  air  af- 
fifts  in  confining  the  eledrical  atmofphere  to  the  body  it 
furrounds,  and  prevents  its  diffipating :  for  in  vacuo  it 
quits  eafily,  and  points  operate  ftronger,  i.  e.  they  throw- 
off  or  attrad  the  eledrical  matter  more  freely,  and  at 
greater  difiances  ;  fo  that  air  intervening  obfiruds  its  paf- 
fing  from  body  to  body,  in  fame  degree.  A  clean  eledri¬ 
cal  phial  and  wire,  containing  air  infiead  of  water,  will 
not  be  charged  nor  give  a  fhock,  any  more  than  if  it  was 
fill’d  with  powder  of  glafs  ;  but  exhaufted  of  air  it  operates 
as  well  as  if  filled  with  water.  Yet,  an  eledric  atmofphere 
and  air  do  not  feem  to  exclude  each  other,  for  we  breath 
freely  in  fuch  an  atmofphere,  and  dry  air  will  blow  through 
it  without  difplacing  or  driving  it  away.  I  quefiion  whe¬ 
ther  the  ftrongeft  dry  N.  Wefter  would  diflipate  it.  I 
once  eledrified  a  large  cork  ball,  at  the  end '  of  a  filk 
thread  three  feet  long,  the  other  end  of  which  I  held  in  my 
fingers,  and  whirl’d  it  round,  like  a  fling,  100  times  in  the 
air,  with  the  fwifteft  motion  I  could  poffibly  give  it,  yet 
it  retained  its  eledric  atmofphere,  though  it  muft  have 
paffed  through  800  yards  of  air,  allowing  my  arm  in 
giving  the  motion  to  add  a  foot  to  the  femi-diameter  of 


the  circle. — By  quite  dry  air,  I  mean  the  dryeft  we  have  : 
for  perhaps  we  never  have  any  perfedly  free  from  moifture. 
An  eledrical  atmofphere  raifed  round  a  thick  wire,  in¬ 
ferred  in  a  phial  of  air,  drives  out  none  of  the  air,  nor 
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on  withdrawing  that  atmofphere  will  any  air  rufh  in,  as  I 
have  found  by  a  very  curious  experiment,  accurately  made, 
whence  we  concluded  that  the  air’s  elafticity  was  not  af¬ 
fected  thereby. 

An  Experiment  towards  dif covering  more  of  the  Qualities  of 

the  Electric  Fluid . 

»  \  •  ,  J 

From  the  prime  condudtor,  hang  a  bullet  by  a  wire- 
hook  ;  under  the  bullet  at  half  an  inch  diftance,  place  a 
bright  piece  of  filver  to  receive  the  fparks  j  then  let  the 
wheel  be  turned,  and  in  a  few  minutes  (if  the  repeated 
fparks  continually  ilrike  in  the  fame  fpot)  the  filver  will 
receive  a  blue  ftain,  near  the  colour  of  a  watch  fpring. 

A  bright  piece  of  iron  will  alfo  be  fpotted,  but  not  with 

that  colour  5  it  rather  feems  corroded. 

On  gold,  brafs,  or  tin,  I  have  not  perceived  that  it 

makes  any  imprefiion.  But  the  fpots  on  the  filver  or  iron 

will  be  the  fame,  whether  the  bullet  be  lead,  brafs,  gold, 

or  filver. 

On  a  filver  bullet  there  will  alfo  appear  a  fmall  fpot,  as 
well  as  on  the  plate  below  it. 


\ 


* 
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LETTER  VIII. 

FROM 

Mr  E.  Kinnersley  at  Bojlon , 

T  O 

Benjamin  Franklin,  Efq;  at  Philadelphia. 

SIR,  Feb.  3,  1752. 

I  Have  the  following  Experiments  to  communicate  :  I 
held  in  one  hand  a  wire,  which  was  fattened  at  the 
other  end  to  the  handle  of  a  pump,  in  order  to  try 
whether  the  ftroke  from  the  prime  conductor,  through 
my  arms,  would  be  any  greater  than  when  conveyed  only 
to  the  furface  of  the  earth,  but  could  difcover  no  dif¬ 
ference. 

I  placed  the  needle  of  a  compafs  on  the  point  of  a  long 
pin,  and  holding  it  in  the  atmofphere  of  the  prime  con¬ 
ductor,  at  the  diftance  of  about  three  inches,  found  it  to 
whirl  round  like  the  flyers  of  a  jack,  with  great  rapidity. 

I  fufpended  with  fflk  a  cork  ball,  about  the  bignefs  of 
a  pea,  and  prefented  to  it,  rubbed  amber,  fealing-wax, 
and  fulphur,  by  each  of  which  it  was  ftrongly  repelled  5 

G  z  then 
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then  I  tried  robbed  glafs  and  china,  and  found  that  each 
of  thefe  would  attract  it,  until  it  became  el£<5trified  again, 
and  then  it  would  be  repelled  as  at  firft  ;  and  while  thus 
repelled  by  the  rubbed  glafs  or  china,  either  of  the  others 
when  rubbed  would  attract  it.  Then  I  electrified  the  ball, 
with  the  wire  of  a  charged  phial,  and  prefented  to  it 
rubbed  glafs  (the  ftopper  of  a  decanter)  and  a  china  tea¬ 
cup,  by  which  it  was  as  ftrongly  repelled  as  by  the  wire ; 
but  when  I  prefented  either  of  the  other  rubbed  eleCtrics, 
it  would  be  ftrongly  attracted,  and  when  I  electrified  it 
by  either  of  thefe,  till  it  became  repelled,* it  would  be  at¬ 
tracted  by  the  wore  of  the  phial,  but  be  repelled  by  its 
coating. 

Thefe  experiments  furprized  me  very  much,  and  have 
induced  me  to  infer  the  following  paradoxes. 

1.  If  a  glafs  globe  be  placed  at  one  end  of  a  prime- 
conductor,  and  a  fulphur  one  at  the  other  end,  both  be¬ 
ing  equally  in  good  order,  and  in  equal  motion,  not  a 
fpark  of  fire  can  be  obtained  from  the  conductor  5  but  one 
globe  will  draw  out,  as  faft  as  the  other  gives  in. 

2.  If  a  phial  be  fufpended  on  the  conductor,  with  a 
chain  from  its  coating  to  the  table,  and  only  one  of  the 
globes  be  made  ufe  of  at  a  time,  20  turns  of  the  wheel, 
for  inftance,  will  charge  it ;  after  which,  fo  many  turns 
of  the  other  wheel  will  difcharge  it;  and  as  many  more 
will  charge  it  again. 

3.  The  globes  being  both  in  motion,  each  having  a  fe- 

parate  conductor,  with  a  phial  fufpended  on  one  of  them, 

and 


101 


Ohfervations  on  Electricity. 

and  the  chain  of  it  faftened  to  the  other,  the  phial  will 
become  charged  ;  one  globe  charging  pofitively,  the  other 
negatively. 

4.  The  phial  being  thus,  charged,  hang  it  in  like  man¬ 
ner  on  the  other  conductor ;  fet  both  wheels  a  going  again, 
and  the  fame  number  of  turns  that  charged  it  before,  will 
now  difcharge  it  ;  and  the  fame  number  repeated,  will 
charge  it  again. 

5.  When  each  globe  communicates  with  the  fame  prime 
condu&or,  having  a  chain  hanging  from  it  to  the  table, 
one  of  them,  when  in  motion,  (but  which  I  can’t  fay) 
will  draw  fire  up  through  the  cufhion,  and  difcharge  it 
through  the  chain  j  the  other  will  draw  it  up  through  the 
chain,  and  difcharge  it  through  the  cufhion. 

I  fhould  be  glad  if  you  would  fend  tos  my  houfe  for 
my  fulphur  globe,  and  the  cufhion  belonging  to  it,  and 
make  the  trial  5  but  muft  caution  you  not  to  ufe  chalk  on 
the  cufhion,  fome  fine  powdered  fulphur  will  do  better. 
If,  as  I  expedt,  you  fhould  find  the  globes  to  charge  the 
prime  conductor  differently,  I  hope  you  will  be  able  to  dif- 
cover  fome  method  of  determining  which  it  is  that  charges 
pofitively. 

1  am ,  &c. 

E.  KINNERSLEY, 


LEY 
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LET  T  E  R  IX. 

& 

FROM 

Benjamin  Franklin,  E/q;  at  Philadelphia , 

T  O 

Mr  E.  Kinnersley,  at  Boflon . 

SIR ,  March  2 ,  1752, 

I  Thank  you  for  the  Experiments  communicated.  I 
fent  immediately  for  your  brimftone  globe,  in  order 
to  make  the  trials  you  defired,  but  found  it  wanted 
centers,  which  I  have  not  time  now  to  fupply  ;  but  the 
firft  leifure  I  will  get  it  fitted  for  ufe,  try  the  experiments, 
and  acquaint  you  with  the  refult. 

In  the  mean  time  I  fufpeCt,  that  the  different  attractions 
and  repulfions  you  obferved,  proceeded  rather  from  the 
greater  or  fmaller  quantities  of  the  fire  you  obtained  from 
different  bodies,  than  from  its  being  of  a  different  kind ,  or 
having  a  different  direffiion.  In  hafte, 

.  1 

J  am,  &c. 

B.  FRANKLIN. 


LET- 
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FROM 


Benjamin  Franklin,,  Rfq\  of  Philadelphia , 

T  O 

\  ' 

Mr  E.  Kinnersley,  at  Bojlon . 

SIR ,  March  16,  1752. 

Aving  brought  your  brimftone  globe  to  work,  I 
tried  one  of  the  experiments  you  propofed,  and 
was  agreeably  furprifed  to  find  that  the  glafs 
globe  being  at  one  end  of  the  conductor,  and  the  fulphur 
globe  at  the  other  end,  both  globes  in  motion,  no  fpark 
could  be  obtained  from  the  conductor,  unlefs  when  one 
globe  turned  flower,  or  was  not  in  fo  good  order  as  the  o- 
ther  5  and  then  the  fpark  was  only  in  proportion  to  the 
difference,  fo  that  turning  equally,  or  turning  that  floweft 
which  worked  beft,  would  again  bring  the  conductor  to  af¬ 
ford  no  fpark. 

I  found  alfo,  that  the  wire  of  a  phial  charg’d  by  the 
glafs  globe,  attracted  a  cork  ball  that  had  touch’d  the  wire 
of  a  phial  charged  by  the  brimftone  globe,  and  vice  verfa , 

fo 
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fo  that  the  cork  continued  to  play  between  the  two  phials, 
juft  as  when  one  phial  was  charged  through  the  wire,  the 
other  through  the  coating,  by  the  giafs  globe  alone.  And 
two  phials  charged,  the  one  by, the  brimftone  globe,  the 
other  by  the  giafs  globe,  would  be  both  difcharged  by 
bringing  their  wires  together,  and  fliock  the  perfon  hold¬ 
ing  the  phials. 

From  thefe  experiments  one  may  be  certain  that  your 
2d,  3d,  and  4th  propofed  experiments,  would  fucceed  ex¬ 
actly  as  you  fuppofe,  though  I  have  not  tried  them,  want¬ 
ing  time. — I  imagine  it  is  the  giafs  globe  that  charges 
pofitively,  and  the  fulphur  negatively,  for  thefe  reafons, 
1.  Though  the  fulphur  globe  feems  to  work  equally  well 
with  the  giafs  one,  yet  it  can  never  occafion  fo  large  and 
diftant  a  fpark  between  my  knuckle  and  the  conductor 
when  the  fulphur  one  is  working,  as  when  the  giafs  one 
is  ufed  5  which,  I  fuppofe,  is  occafioned  by  this,  that  bo¬ 
dies  of  a  certain  bignefs  cannot  fo  eaflly  part  with  a 
quantity  of  eledrical  fluid  they  have  and  hold  atfraded 
within  their  fubftance,  as  they  can  receive  an  additional 
quantity  upon  their  fur  face  by  way  of  atmofphere.  There¬ 
fore  fo  much  cannot  be  drawn  out  of  the  condudor,  as 
can  be  thrown  on  it.  2.  I  obferve  that  the  ftream  or 
brufh  of  fire,  appearing  at  the  end  of  a  wire,  conneded 
with  the  condudor,  is  long,  large,  and  much  diverging, 
when  the  giafs  globe  is  ufed,  and  makes  a  fnapping  (or 
rattling)  noife :  but  when  the  fulphur  one  is  ufed,  it  is 
Abort,  (mail,  and  makes  a  biffing  noife  $  and  juft  the  re- 

verfe 
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verfe  of  both  happens,  when  you  hold  the  fame  wire  in 
your  hand,  and  the  globes  are  worked  alternately  :  the 
brufh  is  large,  long,  diverging  and  fnapping  (or  rattling) 
when  the  fulphur  globe  is  turn’d  ;  flicrt,  fmall,  and  hilling 
when  the  glafs  globe  is  turn’d.— When  the  brufh  is  long, 
large,  and  much  diverging,  the  body  to  which  it  joins, 
feems  to  me  to  be  throwing  the  fire  out  •  and  when  the 
contrary  appears,  it  feems  to  be  drinking  in.  3.  I  ob- 
ferve,  that  when  I  hold  my  knuckle  before  the  fulphur 
globe,  while  turning,  the  dream  of  fire  between  my 
knuckle  and  the  globe,  feems  to  fpread  on  its  furface,  as 
if  it  flowed  from  the  finger  3  on  the  glafs  globe  it  is  other- 
wife.  4.  The  cool  wind  (or  what  was  called  fo)  that 
we  ufed  to  feel  as  coming  from  an  eledrified  point,  is,  I 
think,  more  fenfible  ,when  the  glafs  globe  is  ufed,  than 
when  the  fulphur  one. — But  thefe  are  hafly  thoughts. 
As  to  your  fifth  paradox,  it  muft  likewife  be  true,  if  the 
globes  are  alternately  worked  ;  but  if  worked  together,  the 
fire  will  neither  come  up  nor  go  down  by  the  chain,  be- 
caufe  one  globe  will  drink  it  as  fall  as  the  other  pro¬ 
duces  it. 

I  fhould  be  glad  to  know  whether  the  effeds  would  be 
contrary  if  the  glafs  globe  is  folid,  and  the  fulphur  globe  is 
hollow  ;  but  I  have  no  means  at  prefent  of  trying. 

In  your  journeys,  your  glafs  globes  meet  with  accidents,’ 
and  fulphur  ones  are  heavy  and  inconvenient.  £>uery<. 
Would  not  a  thin  plane  of  brimftone,  caft  on  a  board* 
ferve  on  occafion  as  a  culhion,  while  a  globe  of  leather 

P  fluffed 


fluffed  (properly  mounted)  might  receive  the  fire  from  the 
fulphur,  and  charge  the  conductor  pofitively  ?  Such  a  globe 
would  be  in  no  danger  of  breaking^.  I  think  I  can  conceive 
how  it  may  be  done  \  but  have  not  time  to  add  more 
than  that  I  am* 

TourSy&c. 

B.  FRANKLIN. 

"The  preceding  Letters  having  been  tranflated  into  French, 
and  printed  at  Paris  5  the  Abbe  Mazeas,  in  a  Letter  to 
Dr  Stephen  Hales,  dated  St  Germain,  May  20,  1752, 
gives  the  following  Account  (printed  in  the  Philofophical 
Tranfadtions)  of  the  Experiment  made  at  Marly,  in 
purfuance  of  that  propofed  by  Mr  Franklin,  Page  66. 

S  1  R, 

f 

TH  E  Philadetph  ian  experiments,  that  Mr  Collinfonr 
a  Member  of  the  Royal  Society,  was  fo  kind  as  to 
communicate  to  the  public,  having  been  univerfally  ad¬ 
mired  in  France ,  the  King  defired  to  fee  them  performed. 
Wherefore  the  Duke  D' Ayen  offered  his  Majefty  his 
country-houfe  at  St  Germain ,  where  M.  de  Lor ,  m after  of 
Experimental  Philofophy,  fhould  putthofe  of  Philadelphia 
in  execution.  His  Majefty  faw  them  with  great  fatisfac- 
lion,  and  greatly  applauded  Meffieurs  Franklin  and  Collin « 
fin .  Thefe  applaufes  of  his  Majefty  having  excited  in 

Mef- 

*  The  difcoverles  of  the  late  ingenious  Mr  Symmer ,  on  the  pofitive  and 
negative  Electricity  produced  by  the  mutual  friCtion  of  white  and  black 
Elk,  CsV.  afford  hints  for  farther  improvements  to  be  made  with  this  view. 
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f  Meffieurs  de  Buffon,  D’  Alibard ,  and  De  Lor ,  a  defire  of 
verifying  the  conjedures  of  Mr  Franklin,  upon  the  ana¬ 
logy  of  thunder  and  eledricity,  they  prepar’d  themfelves 
for  making  the  experiment. 

M.  D’ Alibard  cho&,  for  this  purpofe,  a  garden  fituated 
at  Marly ,  where  he  placed  upon  an  eledrical  body  a 
pointed  bar  of  iron,  of  40  feet  high.  On  the  tenth  of 
May,  20  minutes  paft  two  in  the  afternoon,  a  ftormy  cloud 
having  paffed  over  the  place  where  the  bar  flood,  thofe  that 
were  appointed  to  obferve  it,  drew  near,  and  attraded  from 
it  fparks  of  fire,  perceiving  the  fame  kind  of  commotions 
as  in  the  common  eledrical  Experiments. 

M.  de  Lor  fenfible  of  the  good  fuccefs  of  this  experi¬ 
ment  refolved  to  repeat  it  at  his  houfe  in  the  Efirapade  at 
Paris.  He  railed  a  bar  of  iron  99  feet  high,  placed  upon 
a  cake  of  refin,  two  feet  fquare,  and  three  inches  thick. 
On  the  1 8th  of  May,  between  four  and  five  in  the  after¬ 
noon,  a  ftormy  cloud  having  paffed  over  the  bar,  where  it 
remained  half  an  hour,  he  drew  fparks  from  the  bar, 
like  thofe  from  the  gun  barrel,  when,  in  the  elec*, 
trical  experiments  the  globe  is  only  rubbed  by  the  cufhion, 
and  they  produced  the  fame  noife,  the  fame  fire,  and  the 
fame  crackling.  They  drew  the  ftrongeft  fparks  at  the 
diftance  of  nine  lines,  while  the  rain,  mingled  with  a  little 
hail,  fell  from  the  cloud,  without  either  thunder  or  light¬ 
ning;  this  cloud  being,  according  to  all  appearance,  only 
the  confequence  of  a  ftorm,  which  happened  elfewhere. 

I  am,  with  a  profound  refpedl. 

Tour  mcji  humble  and  obedient  fervant. 

G.  Maze  as-. 
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A  Letter  of  Mr  W.  WATSON,  F.  R,  S« 
to  the  Royal  Society,  concerning  the  eleElri- 
cal  Experiments  in  England  upon  Flounder - 
Clouds.  Read  Dec.  1752.  Franf.  Y ol.  XLV IL, 

GENTLEMEN, 


AFTER  the  communications^  which  we  have 
received  from  feveral  of  our  correfpondents  in 
different  parts  of  the  continent,  acquainting  us 
with  the  fuccefs  of  their  experiments  iaft  fummer,  in  en¬ 
deavouring  to  extract  the  electricity  from  the  atmofphere 
during  a  thunder-ftorm,  in  confequence  of  Mr  Franklin1  s 
hypothefis,  it  may  be  thought  extraordinary,  that  no  ac¬ 
counts  have  been  yet  laid  before  you,  of  our  fuccefs  here 
from  the  fame  experiments.  That  no  want  of  attention, 
therefore,  may  be  attributed  to  thofe  here,  who  have  been 
hitherto  converfant  in  thefe  enquiries,  I  thought  proper  to 
appfife  you,  that,  though  feveral  members  of  the  Royal 
Society,  as  well  as  myfelf,  did,  upon  the  firft  advices  from. 
France ,  prepare  and  letup  the  neceffary  apparatus  for  this* 
purpofe,  we  were  defeated  in  our  expectations,  from  the 
uncommon  coolnefs  and  dampnefs  of  the  air  here,  during 
the  whole  fummer.  We  had  only  at  London  one  thun¬ 
der  ftorm;  viz.  on  July  20 ;  and  then  the  thunder  was> 
accompanied  with  rain  ;  fo  that,  by  wetting  the  apparatus, 
the  electricity  was  difhpated  too  foon  to  be  perceived  upon 
touching  thofe  parts  of  the  apparatus,  which  ferved  to 

conduCt 


Ohfervations  on  Electricity,  log 

eondudf  it.  This,  I  fay,  in  general  prevented  our  verify¬ 
ing  Mr  Franklin's  .hypothefis :  But  our  worthy  Brother 
Mr  Canton  was  more  fortunate.  I  take  the  liberty,  there¬ 
fore,  of  laying  before  you  an  extract  of  a  letter,  which  I 
received  from  that  gentleman,  dated  from  Spital-fquarey 
July  21,  1752. 

<c  I  had  yefterday,  about  five  in  the  afternoon,  an  op- 
<c  portunity  of  try  ing  Mr  Franklin's  experiment  of  extradt- 
*c  ing  the  eledtrical  fire  from  the  clouds ;  and  fucceeded, 
Cl  by  means  of  a  tin  tube,  between  three  and  four  feet  in 
lx  length,  fixed  to  the  top  of  a  glafs  one,  of  about  eighteen 
inches.  To  the  upper  end  of  the  tin  tube,  which  was 
cc  not  fo  high  as  a  ftack  of  chimnies  on  the  fame  houfe, 
<c  I  fattened  three  needles  with  fome  wire  5  and  to  the 
<c  lower  end  was  folder’d  a  tin  cover  to  keep  the  rain  from 
“  the  glafs  tube,  which  was  fet  upright  in  a  block  of  wood. 
tc  I  attended  this  apparatus  as  foon  after  the  thunder  began 
“  as  poffible,  but  did  not  find  it  in  the  leaft  eledtrified,  till 
u  between  the  third  and  fourth  clap  5  when  applying  my 
“  knuckle  to  the  edge  of  the  cover,  1  felt  and  heard  an 
iC  eledtrical  fpark ;  and  approaching  it  a  fecond  time,  I 
€<  received  the  fpark  at  the  diftance  of  about  half  an  inch, 
and  faw  it  diftindtly.  This  I  repeated  four  or  five  times 
<c  in  the  fpace  of  a  minute  3  but  the  (parks  grew  weaker 
tc  and  weaker ;  and  in  lefs  than  two  minutes  the  tin  tube 
iC  did  not  appear  to  be  eledtrifed  at  all.  The  rain  con- 
“  tinned  during  the  thunder,  but  was  confiderably  abated 
C£  at  the  time  of  making  the  experiment.’’  Thus  far  Mr 
Can  fen,.  '  Mr 
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Mr  Wilfon  likewife  of  the  Society,  to  whom  we  are 
much  obliged  for  the  trouble  he  has  taken  in  thefe  pur- 
fuits,  had  an  opportunity  of  verifying  Mr  Franklin' s  hypo- 
thefis.  He  informed  me,  by  a  letter  from  near  Chelmsford 
m  EffeXy  dated  Augnft  12,  1752,  that,  on  that  day  about 
noon,  he  perceived  feveral  eledrical  fnaps,  during,  or  rather 
at  the  end  of  a  thunder  dorm,  from  no  other  apparatus  than 
an  iron  curtain  rod,  one  end  of  which  he  put  into  the  neck 
of  a  glafs  phial,  and  held  this  phial  in  his  hand.  To  the 
other  end  of  the  iron  he  fattened  three  needles  with  fome 
lilk.  This  phial,  happening  the  rod,  he  held  in  one  hand, 
and  drew  fnaps  from  the  rod  with  a  finger  of  his  other. 
This  experiment  was  not  made  upon  any  eminence,  but 
in  the  garden  of  a  gentleman,  at  whofe  houfe  he  then  was. 

Dr  Bevis  cbferved,  at  Mr  Cave's  at  St  John's  Gate , 
nearly  the  fame  phaenomena  as  Mr  Cantony  of  which  ai* 
account  has  been  already  laid  before  the  public. 

Trifling  as  the  effeds  here  mentioned  are,  when  com¬ 
pared  with  thofe  which  we  have  received  from  Paris  and 
Berlviy  they  are  the  only  ones,  that  the  laft  fummer  here 
has  produced ;  and  as  they  were  made  by  perfons  worthy 
of  credit,  they  tend  to  eftablifli  the  authenticity  of  thofe 
tranfmitted  from  our  correfpondents. 

I  flatter  myfelf,  that  this  fhort  account  of  thefe  matters 
will  not  be  difagreeable  to  you  5  and  am, 

with  the  mof  profound  Refpe$, 

Tour  mof  obedient  humble  Servant , 

W.  WATSON; 
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LETTER  XL 

FROM 


Benj,  Franklin,  Bfqi  of  Philadelphia . 


0&.  19,  1752. 


AS  frequent  mention  is  made  in  public  papers 
from  Europe  of  the  fuccefs  of  the  Philadelphia 
experiment  for  drawing  the  eledlric  fire  from 
clouds  by  means  of  pointed  rods  of  iron  eredled  on  high, 
buildings,  &c.  it  may  be  agreeable  to  the  curious  to  be  in¬ 
formed  that  the  fame  experiment  has  fucceeded  in  Philadel¬ 
phia  y  though  made  in  a  different  and  more  eafy  manner,, 
which  is  as  follows 

Make  a  fmall  crofs  of  two  light  flrips  of  cedar,  the 
arms  fo  long  as  to  reach  to  the  four  corners  of  a  large 
thin  filk  handkerchief  when  extended  ;  tie  the  corners  of 

>  .  •  j* 

the  handkerchief  to  the  extremities  of  the  crofs,  fo  you 
have  the  body  of  a  kite  y  which  being  properly  accom¬ 
modated  with  a  tail,  loop,  and  firing,  will  rife  in  the  air, 
like  thofe  made  of  paper  ;  but  this  being  of  filk,  is  fitter 
to  bear  the  wet  and  wind  of  a  thunder-guft  without  tear¬ 
ing.  To  the  top  of  the  upright  flick  of  the  crofs  is  to 
be  fixed  a  very  fharp  pointed  wire,  rifing  a  foot  or  more 

above 
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above  the  wood.  To  the  end  of  the  twine,  next  the 
hand,  is  to  be  tied  a  filk  ribbon,  and  where  the  filk  and 
twine  join,  a  key  may  be  faftened.  This  kite  is  to  be 
raifed  when  a  thunder  guft  appears  to  be  coming  on,  and 
the  perfon  who  holds  the  firing  mufc  ftand  within  a  door 
or  window,  or  under  fome  cover,  fo  that  the  filk  ribbon 
may  not  be  wet  ;  and  care  muft  be  taken  that  the  twine 
does  not  touch  the  frame  of  the  door  or  window.  As 
foon  as  any  of  the  thunder  clouds  come  over  the  kite,  the 
pointed  wire  will  draw  the  eledric  fire  from  them,  and 
the  kite,  with  all  the  twine,  will  be  eledrified,  and  the 
loofe  filaments  of  the  twine  will  ftand  out  every  way,  and 
be  attraded  by  an  approaching  finger.  And  when  the  rain 
has  wet  the  kite  and  twine,  fo  that  it  can  condud  the 
eledric  fire  freely,  you  will  find  it  ftream  out  plentifully 
from  the  key  on  the  approach  of  your  knuckle.  At  this 
key  the  phial  may  be  charged  5  and  from  eledric  fire  thus 
obtained,  fpirits  may  be  kindled,  and  all  the  other  eledric 
experiments  be~performed,  which  are  ufually  done  by  the 
help  of  a  rubbed  glafs  globe  or  tube,  and  thereby  the  fame-* 
nefs  of  the  eledric  matter  with  that  of  lightening  com« 
pletely  demonftrated* 


L  E  T- 


LETTER  XI 


FROM 

4  '  '  ■  -  *  -  '  -  -  * 

Benj.  Franklin,  Efqy  of  Philadelphia, 

T  O 


Peter  Collinson,  Lfq\  F.R.S.  London. 

‘  •  -  '  '  ‘  '  "  '  '  '  “  *■  *  ■.*  V  >’  -  '-'.If 

SIR ,  Philadelphia ,  September  1753; 

T  * 

IN  my  former  paper  on  this  fubjedt,  wrote  firft  in  1747, 
enlarged  and  fent  to  England  in  1749.  I  confidered 
the  fea  as  the  grand  fource  of  lightning,  imagining  its 
luminous  appearance  to  be  owing  to  eledtric  fire,  produc’d 
by  fridtion  between  the  particles  of  water  and  thofe  of  fait. 
Living  far  from  the  fea,  I  had  then  no  opportunity  of  mak¬ 
ing  experiments  on  the  fea  water,  and  fo  embraced  this  o- 
pinion  too  haftily. 

For  in  1750  and  1751,  being  occafionally  on  the  fea 
coaft,  I  found,  by  experiments,  that  fea  water  in  a  bottle, 
tho’  at  firft  it  would  by  agitation  appear  luminous,  yet  in 
a  few  hours  it  loft  that  virtue ;  hence ,  and  from  this ,  that  I 
could  not  by  agitating  a  folution  of  fea  fait  in  water  pro- 

duce 
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duce  any  light,  I  firft  began  ta doubt  of  my  former  hypo¬ 
thecs,  and  to  fufpeCt  that  the  luminous  appearance  in  fea 
water,  muft  be  owing  to  fome  other  principles. 

1  then  confidered  whether  it  were  not  pofiible,  that  the 
particles  of  air,  being  eleCtrics  per  fe,  might,  in  hard  gales 
of  wind,  by  their  friction  againft  trees,  hills,  buildings, 
&c,  as  fo  many  minute  eleCtric  globes,  rubbing  againft  non¬ 
electric  cufhions,  draw  the  electric  fire  from  the  earth,  and 
that  the  rifing  vapours  might  receive  that  fire  from  the  air* 
and,  by  fuch  means,  the  clouds  become  electrified. 

If  this  were  fo,  I  imagined  that  by  forcing  a  conftant 
violent  ftream  of  air  againft  my  prime  conductor,  by  bel¬ 
lows,  I  fhould  eleCtrify  it  negatively  $  the  rubbing  parti¬ 
cles  of  air,  drawing  from  it  part  of  its  natural  quantity  of 
the  eleCtric  fluid.  I  accordingly  made  the  experiment,  but 
it  did  not  fucceed. 

■'  "  v  '  '  .  ;  l 

In  September  1752,  I  ereCted  an  iron  rod  to  draw  the 
lightning  down  into  my  houfe,  in  order  to  make  fome  ex¬ 
periments  on  it,  with  two  bells  to  give  notice  when  the 
rod  fhould  be  eleCtrify’d:  A  contrivance  obvious  to  every 
electrician. 

'  •  C*  Ji  J  i  ■  -J  *  >-  .1  .  1  ...*  V  _  .  ... 

I  found  the  bells  rang  fometimes  when  there  was  no 
lightning  or  thunder,  but  only  a  dark  cloud  over  the  rod  5 
that  fometimes  after  a  flafh  of  lightning  they  would  fud- 
denly  flop  $  and,  at  other  times,  when  they  had  not  rang 
before,  they  would,  after  a  flafh,  fuddenly  begin  to  ring  $ 
that  the  electricity  wTas  fometimes  very  faint,  fo  that  when 

a  final! 
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a  fmall  fpark  was  obtain’d,  another  could  not  be  got  for 
fome  time  after ;  at  other  times  the  fparks  would  follow 
extremely  quick,  and  once  I  had  a  continual  dream  from 
bell  to  bell,  the  fize  of  a  crow-quill :  Even  during  the  fame 
guft  there  were  conlidcrable  variations. 

In  the  winter  following  I  conceived  an  experiment,  to 
try  whether  the  clouds  were  ele&rify’d  pofitively  or  nega¬ 
tively  ;  but  my  pointed  rod,  with  its  apparatus,  becoming 
out  of  order,  I  did  not  refit  it  till  towards  the  fpring,  when 
I  expedted  the  warm  weather  would  bring  on  more  fre¬ 
quent  thunder-clouds. 

The  experiment  was  this :  To  take  two  phials ;  charge 

one  of  them  with  lightning  from  the  iron  rod,  and  give  the 
other  an  equal  charge  by  the  ele&ric  glafs  globe,  thro’  the 
prime  conductor :  When  charg’d,  to  place  them  on  a  table 
within  three  or  four  inches  of  each  other,  a  fmall  cork  ball 
being  fufpended  by  a  fine  filk  thread  from  the  ceiling,  fo  as 
it  might  play  between  the  wires.  If  both  bottles  then  were 
eledtrifyed  pofitively ,  the  ball  being  attracted  'and  repelled 
by  one,  muft  be  alfo  repell’d  by  the  other.  If  the  one 
pofitively ,  and  the  other  negatively ;  then  the  ball  would  be 
attracted  and  repell  d  alternately  by  each,  and  continue 

to  play  between  them  as  long  as  any  confiderable  charge  re¬ 
mained. 

Being  very  intent  on  making  this  experiment,  it  was  no 
fmall  mortification  to  me,  that  I  happened  to  be  abroad 
during  two  of  the  greateft  thunder-ftorms  we  had  early  in 
the  fpring,  and  tho’  I  had  given  orders  in  my  family,  that 

Q  2  '  if 
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if  the  bells  rang  when  I  was  from  home,  they  fhould  catch 
fome  of  the  lightning  for  me  in  eledtrical  phials,  and  they 
did  fo,  yet  it  was  moftly  diffipated  before  my  return,  and 
in  fome  of  the  other  gulls,  the  quantity  of  lightning  I  was 
able  to  obtain  was  fo  fmall,  and  the  charge  fo  weak,  that 
1  could  not  fatisfy  myfelf:  Yet  I  fometimes  faw  what 
heighten’d  my  fufpicions,  and  inflamed  my  curiofity. 

At  laft,  on  the  12th  of  April  1753*  there  being  a  fmart 
guft  of  fome  continuance,  I  charged  one  phial  pretty  we!l 
with  lightning,  and  the  other  equally,  as  near  as  I  could 
judge,  with  eledlricity  from  my  glafs  globe  ;  and,  having 
placed  them  properly,  I  beheld,  with  great  furprize  and 
pleafure,  the  cork  ball  play  brilkly  between  them  ;  and 
was  convinced  that  one  bottle  was  ele&rifed  negatively . 

I  repeated  this  experiment  feveral  times  during  the  guft, 
and  in  eight  fucceeding  gufts,  always  with  the  fame  fuc- 
cefs  ;  and  being  of  opinion  (for  reafons  I  formerly  gave  in 
my  letter  to  Mr  Kinnerjly ,  ilnce  printed  in  London )  that  the 
glafs  globe  eledtrifes  pofitively ,  I  concluded  that  the  clouds 
are  always  eledtrifed  negatively ,  or  have  always  in  them  lefs 
than  their  natural  quantity  of  the  eledtric  fluid. 

Yet  notvvithftanding  fo  many  experiments,  it  feems  I 
concluded  too  foon ;  for  at  laft,  "June  the  6th,  in  a  guft 
which  continued  from  five  o’clock,  P.  M.  to  feven,  I  met 
with  one  cloud  that  was  eledtrifed  pofitively,  tho’  feveral 
that  pafs’d  over  my  rod  before,  during  the  fame  guft,  were 
in  the  negative  ftate.  This  was  thus  difcovered  : 
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I  had  another  concurring  experiment,  which  I  often  re¬ 
peated,  to  prove  the  negative  ftate  of  the  clouds,  viz. 
While  the  bells  were  ringing,  I  took  the  phial  charged 
from  the  glafs  globe,  and  applied  its  wire  to  the  ereded 
rod,  confidering,  that  if  the  clouds  were  eledrifed  pojitive- 
ly ,  the  rod  which  received  its  eledricity  from  them,  muft 
be  fo  too  ;  and  then  the  additional  pofitive  eledricity  of 
the  phial  would  make  the  bells  ring  fafter  :  but,  if  the 
clouds  were  in  a  negative  ftate,  they  muft  exhauft  the  e- 
ledric  fluid  from  my  rod,  and  bring  that  into  the  fame  ne¬ 
gative  ftate  with  themfelves,  and  then  the  wire  of  a  pofitive- 
ly  charg’d  phial,  fupplying  the  rod  with  what  it  wanted, 
(which  it  was  obliged  otherwife  to  draw  from  the  earth  by 
means  of  the  pendulous  brafs  ball  playing  between  the  two 
bells)  the  ringing  would  ceafe  till  the  bottle  was  difcharg  d. 

In  this  manner  I  quite  discharged  into  the  rod  feveral 
phials  that  were  charged  from  the  glafs  globe,  the  eledric 
fluid  ftreaming  from  the  wire  to  the  rod,  till  the  wire 
would  receive  no  fpark  from  the  finger  ;  and  during  this 
fupply  to  the  rod  from  the  phial,  the  bells  ftopt  ringing ; 
but  by  continuing  the  application  of  the  phial  wire  to  the 
rod,  I  exhaufted  the  natural  quantity  from  the  infide  fur- 
face  of  the  fame  phials,  or,  as  I  call  it,  charged  them  ne¬ 
gatively. 

At  length,  while  I  was  charging  a  phial  by  my  glafs 
globe,  to  repeat  this  experiment,  my  bells,  of  themfelves, 
ftopt  ringing,  and,  after  fome  paufe,  began  to  ring  again. 
—But  now,  when  I  approached  the  wire  of  the  charg’d 
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phial  to  the  rod,  inftead  of  the  ufual  ftream  that  I  expec¬ 
ted  from  the  wire  to  the  rod,  there  was  no  fpark  5  not  even 
when  I  brought  the  wire  and  the  rod  to  touch  ;  yet  the 
bells  continued  ringing  vigoroufly,  which  proved  to  me* 
that  the  rod  was  then  pojitively  eledtrify’d,  as  well  as  the 
wire  of  the  phial,  and  equally  fo;  and,  confequently,  that 
the  particular  cloud  then  over  the  rod,  was  in  the  fame  po- 
iitive  ftate.  This  was  near  the  end  of  the  guft. 

But  this  was  a  Angle  experiment,  which,  however,  de- 
ftroys  my  firft  too  general  conclufion,  and  reduces  me  to 
this :  That  the  clouds  of  a  thunder-guft  are  moft  commonly  in 
a  negative  ftate  of  electricity ,  hut  fometimes  in  a  pojitive 


The  latter  I  believe  is  rare ;  for  tho’  I  foon  after  the 
laft  experiment,  fet  out  on  a  journey  to  Bo Jl on ,  and  was 
from  home  moft  part  of  the  fummer,  which  prevented 
my  making  farther  trials  and  obfervations  ;  yet  Mr  Kin - 
|  nerftey  returning  from  the  iflands  juft  as  I  left  home,  pur- 
fued  the  experiments  during  my  abfence,  and  informs  me 
that  he  always  found  the  clouds  in  the  negative  ftate. 

So  that,  for  the  moft  part,  in  thunder-ftrokes,  ’tis  the 
earth  that  ftrikes  into  the  clouds ,  and  not  the  clouds  that 
ftrike  into  the  earth . 

Thofe  who  are  vers’d  in  eledfric  experiments,  will  eafily 
conceive,  that  the  effedfs  and  appearances  muft  be  nearly 
the  fame  in  either  cafe ;  the  fame  explofion,  and  the  fame 
flafh  between  one  cloud  and  another,  and  between  the 

clouds 
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clouds  and  mountains,  &c.  the  fame  rending  of  trees,  walls, 
&c.  which  the  eledtric  fluid  meets  with  in  its  pafiage,  and 
the  fame  fatal  {hock  to  animal  bodies  ;  and  that  pointed 
rods  fix’d  on  buildings,  or  malls  of  fhips,  and  communicat¬ 
ing  with  the  earth  or  fea,  mud  be  of  the  fame  fervice  in 
reftoring  the  equilibrium  filently  between  the  earth  and 
clouds,  or  in  conducting  a  flafh  or  ftroke,  if  one  fhauld  ber- 
fo  as  to  fave  harmlefs  the  houfe  or  veffel  For  points  have 
equal  power  to  throw  off,  as  to  draw  on  the  eledtric  fire* 
and  rods  will  condudt  up  as  well  as  down* 

But  tho’  the  light  gained  from  thefe  experiments  makes 
no  alteration  in  the  pradtice,  it  makes  a  confiderable  one  in 
the  theory.  And  now  we  as  much  need  an  hypothefis  to 
explain  by  what  means  the  clouds  become  negatively,  as 
before  to  fhewhow  they  became  pofitively  eledtrified. 

I  cannot  forbear  venturing  fome  few  conjedtures  on  this 
occafion  :  They  are  what  occur  to  me  at  prefent,  and  tho? , 
future  difcoveries  fhould  prove  them  not  wholly  right,  yet 
they  may  in  the  mean  time  be  of  fome  ufe,  by  ftirring  up 
the  curious  to  make  more  experiments,  and  occafion  more 
exadt  difquifitions. 

I  conceive  then,  that  this  ^globe  of  earth  and  water, 
with  its  plants,  animals,  and  buildings,  have,  diffus’d 
throughout  their  fubftance,  a  quantity  of  the  electric  fluid, 
Juft  as  much  as  they  can  contain,  which  I  call  the  natural 
quantity . 

That  this  natural  quantity  is  not  the  fame  in  all  kinds  of 
common  matter  under  the  fame  dimenfions,  nor  in  the 
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fame  kind  of  common  matter  in  all  circumftances ;  but 
a  folid  foot,  for  inftance,  of  one  kind  of  common  mat¬ 
ter,  may  contain  more  of  the  eledtric  fluid  than  a  folid 
foot  of  fame  other  kind  of  common  matter ;  and  a  pound 
weight  of  the  fame  kind  of  common  matter  may,  when 
in  a  rarer  ftate,  contain  more  of  the  eledtric  fluid  than  when 
in  a  denfer  ftate. 

For  the  eledtric  fluid,  being  attracted  by  any  portion  of 
common  matter,  the  parts  of  that  fluid  (which  have  among 
themfelves  a  mutual  repulfion)  are  brought  fo  near  to  each 
other  by  the  attraction  of  the  common  matter  that  abforbs 
them,  as  that  their  repulfion  is  equal  to  the  condenfing 
power  of  attradtion  in  common  matter  $  and  then  fuch 
portion  of  common  matter  will  abforb  no  more. 

Bodies  of  different  kinds  having  thus  attracted  and  ab- 
forbed  what  I  call  their  natural  quantity ,  i.  e.  juft  as  much 
of  the  eledtric  fluid  as  is  fuited  to  their  circumftances  of 
denfity,  rarity,  and  power  of  attradling,  do  not  then  (how 
any  figns  of  eledtricity  among  each  other. 

And  if  more  eledtric  fluid  be  added  to  one  of  thcfe  bo¬ 
dies,  it  does  not  enter,  but  fpreads  on  the  furface,  forming 
an  atmofphere  ;  and  then  fuch  body  (hews  figns  of  e- 
ledlricity. 

I  have  in  a  former  paper  compar’d  common  matter  to 
a  fponge,  and  the  eledtric  fluid  to  water  :  I  beg  leave  once 
more  to  make  ufe  of  the  fame  comparifon,  to  illuftrate  far¬ 
ther  my  meaning  in  this  particular. 


When 
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When  a  fponge  is  fomewhat  condens’d  by  being  fqueez- 
ed  between  the  fingers,  it  will  not  receive  and  retain  fo 
much  water  as  when  in  its  more  loofe  and  open  ftate. 

If  more  fqueez’d  and  condens’d,  fome  of  the  water  will 
come  out  of  its  inner  parts,  and  flow  on  the  furface. 

If  the  preflure  of  the  fingers  be  entirely  removed,  the 
fponge  will  not  only  refume  what  was  lately  forced  out, 

but  attradt  an  additional  quantity. 

As  the  fponge  in  its  rarer  ftate  will  naturally  attradt  and 
abforb  more  water,  and  in  its  denfer  ftate  will  naturally  at¬ 
tract  and  abforb  lefs  water  ;  we  may  call  the  quantity  it  at- 
tradts  and  abforbs  in  either  ftate,  its  natural  quantity ,  the 
ftate  being  confidered. 

Now  what  the  fponge  is  to  water,  the  fame  is  water  to 
the  eledtric  fluid. 

When  a  portion  of  water  is  in  its  common  denfe  ftate, 
it  can  hold  no  more  eledtric  fluid  than  it  has ;  if  any  be  ad¬ 
ded,  it  fpreads  on  the  furface. 

When  the  fame  portion  of  water  is  rarefy’d  into  vapour, 
and  forms  a  cloud,  it  is  then  capable  of  receiving  and  ab~ 
forbing  a  much  greater  quantity  ;  there  is  room  for  each 
particle  to  have  an  eledtric  atmofphere. 

Thus  water,  in  its  rarefy’d  ftate,  or  in  the  form  of  a 
cloud,  will  be  in  a  negative  ftate  of  eledtricity  ;  it  will  have 
lefs  than  its  natural  quantity  ;  that  is,  lefs  than  it  is  naturally 
capable  of  attradting  and  abforbing  in  that  ftate. 

Such  a  cloud,  then,  coming  fo  near  the  earth  as  to  be 
within  the  ftriking  diftance,  will  receive  from  the  earth  a 
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flafh  of  the  eledtric  fluid  ;  which  flafh,  to  fupply  a  great 
extent  of  cloud,  muft  foinetimes  contain  a  very  great  quan¬ 
tity  of  that  fluid. 

Or  fuch  a  cloud,  paffing  over  woods  of  tall  trees,  may 
from  the  points  and  fharp  edges  of  their  moift  top  leaves, 
receive  lilently  feme  fupply. 

A  cloud  being  by  any  means  fupply’d  from  the  earth, 
may  ftrike  into  other  clouds  that  have  not  been  fupply’d,, 
or  notfo  much  fupply’d  ;  and  thofe  to  others,  till  an  equi¬ 
librium  is  produc'd  among  all  the  clouds  that  are  within 
ftriking  diftance  of  each  other. 

The  cloud  thus  fupply’d,  having  parted  with  much  of 
what  it  firft  receiv’d,  may  require  and  receive  a  frefh  fup¬ 
ply  from  the  earth,  or  from  fome  other  cloud,  which,  by 
the  wind,  is  brought  into  fuch  a  fituation  as  to  receive  it 
more  readily  from  the  earth. 

Hence  repeated  and  continual  ftrokes  and  flafhes  till 
the  clouds  have  all  got  nearly  their  natural  quantity  as 
clouds,  or  till  they  have  defeended  in  fhowers,  and  are  li¬ 
nked  again  with  this  terraqueous  globe,  their  original. 

Thus  thunder-clouds  are  generally  in  a  negative  ftate  of 
eledricity  compar’d  with  the  earth,  agreeable  to  mod  of 
our  experiments  $  yet  as  by  one  experiment  we  found  a 
cloud  eledris’d  pofitively,  I  conjecture  that,  in  that  cafe, 
fuch  cloud,  after  having  received  what  was,  in  its  rare 
ftate,  only  its  natural  quantity ,  became  comprefs’d  by  the 
driving  winds,  or  fome  other  means,  fo  that  part  of  what 
it  had  abforb’d  was  forc’d  cut,  and  form’d  an  eledric  at- 
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mofphere  ground  it  in  its  denfer  Hate.  Hence  it  was  ca¬ 
pable  of  communicating  pofitive  electricity  to  my  rod. 

To  fhow  that  a  body  in  different  circumflances  of  dila¬ 
tation  and  contraction  is  capable  of  receiving  and  retain¬ 
ing  more  or  lefs  of  the  eleCtric  fluid  on  its  furface,  I 
would  relate  the  following  experiment.  I  placed  a  clean 
wine  glafs  on  the  floor,  and  on  it  a  fmall  filver  can.  In 
the  can  I  put  about  three  yards  of  brafs  chain  3  to  one 
end  of  which  I  fattened  a  filk  thread,  which  went  right 
up  to  the  cieling,  where  it  patted  over  a  pulley,  and  came 
down  again  to  my  hand,  that  I  might  at  pleafure  draw 
the  chain  up  out  of  the  can,  extending  it  till  within  a 
foot  of  the  cieling,  and  let  it  gradually  fink  into  the  can 
again/  '--From  the  cieling,  by  another  thread  of  fine 
raw  filk,  I  fufpended  a  fmall  light  lock  of  cotton,  fo  as 
that  when  it  hung  perpendicularly,  it  came  in  contaCl 
with  the  fide  of  the  can. — -Then  approaching  the  wire 
of  a  charged  vial  to  the  can,  I  gave  it  a  fpark,  which 
flow'd  round  in  an  eledtric  atmofphere ;  and  the  lock 
of  cotton  was  repelled  from  the  fide  of  the  can  to  the 
diflance  of  about  nine  or  ten  inches.  The  can  would 
not  then  receive  another  fpark  from  the  wire  of  the  vial* 
but  as  I  gradually  drew  up  the  chain,  the  atmofphere  of 
the  can  diminifh’d  by  flowing  over  the  rifing  chain,  and 
the  lock  of  cotton  accordingly  drew  nearer  and  nearer  to 
the  can  ;  and  then,  if  I  again  brought  the  vial  wire  near 
the  can,  it  would  receive  another  fpark,  and  the  cotton 
fly  off  again  to  its  firft  diflance ;  and  thus,  as  the  chain 
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was  drawn  higher,  the  can  would  receive  more  fparks ; 
becaufe  the  can  and  extended  chain  were  capable  of  fup- 
porting  a  greater  atmofphere  than  the  can  with  the  chain 

gather’d  up  into  its  belly. - And  that  the  atmofphere 

round  the  can  was  diminifhed  by  railing  the  chain,  and 
increafed  again  by  lowering  it,  is  not  only  agreeable  to 
reafon,  fince  the  atmofphere  of  the  chain  mu  ft  be  drawn 
from  that  of  the  can,  when  it  rofe,  and  returned  to  it 
again  when  it  fell ;  but  was  alfo  evident  to  the  eye,  the 
lock  of  cotton  always  approaching  the  can  when  the 
chain  was  drawn  up,  and  receding  when  it  was  let  down 
again. 

Thus  we  fee  that  increafe  of  furface  makes  a  body  ca¬ 
pable  of  receiving  a  greater  eledtric  atmofphere:  But 
this  experiment  does  not,  I  own,  fully  demonftrate  my 
new  hypothefis  $  for  the  brafs  and  filver  ftill  continue  in 
their  folid  ftate,  and  are  not  rarefied  into  vapour,  as  the 
water  is  in  clouds.  Perhaps  fome  future  experiments  on 
vapourized  water  may  fet  this  matter  in  a  clearer  light. 

One  feemingly  material  objedtion  arifes  to  the  new  hy- 
pothefis,  and  it  is  this.  If  water,  in  its  rarefied  ftate,  as 
a  cloud,  requires,  and  will  abford  more  of  the  eledtric 
fluid  than  when  in  its  denfe  ftate  as  water,  why  does  it 
not  acquire  from  the  earth  all  it  wants  at  the  inftant  of  its 
leaving  the  furface,  while  it  is  yet  near,  and  but  juft  ri- 
fing  in  vapour  ?  To  this  difficulty  I  own  I  cannot  at  pre- 
fent  give  a  folution  fatisfadtory  to  myfelf;  I  thought, 

how- 
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however,  that  I  ought  to  ftate  it  in  its  full  force,  as  I  have 
done,  and  fubmit  the  whole  to  examination. 

And  I  would  beg  leave  to  recommend  it  to  the  curious 
in  this  branch  of  natural  philofophy,  to  repeat  with  care 
and  accurate  obfervation,  the  experiments  I  have  reported 
in  this  and  former  papers  relating  to  pofitive  and  negative 
eledtricity,  with  fuch  other  relative  ones  as  fhall  occur  to 
them,  that  it  may  be  certainly  known  whether  the  elec¬ 
tricity  communicated  by  a  glafs  globe,  be  really  pojitive . 
And  alfo  I  would  requeft  all  who  may  have  an  opportuni¬ 
ty  of  obferving  the  recent  effects  of  lightning  on  buildings, 
trees,  &c.  that  they  would  confider  them  particularly 
with  a  view  to  difcover  the  direction.  But  in  thefe  ex¬ 
aminations,  this  one  thing  is  always  to  be  underftood,  viz. 
that  a  ftream  of  the  eledtric  fluid  pafling  thro’  wood,  brick, 
metal,  &c.  while  fuch  fluid  pafles  in  j mall  quantity ,  the 
mutually  repulfive  power  of  its  parts  is  confined  and  over¬ 
come  by  the  cohefion  of  the  parts  of  the  body  it  pafles  thro’ 
fo  as  to  prevent  an  explofion  ;  but  when  the  fluid  comes 
in  a  quantity  too  great  to  be  confin'd  by  fuch  cohefion,  it 
explodes,  and  rends  or  fufes  the  body  that  endeavour’d  to 
confine  it.  If  it  be  wood,  brick,  ftone,  or  the  like,  the 
fplinters  will  flie  off  on  that  fide  where  there  is  leaft  re- 
fiftance.  And  thus,  when  a  hole  is  ftruck  thro’  pafteboard 
by  the  eledtrify’d  jar,  if  the  furfaces  of  the  pafte-board 
are  not  confin’d  or  comprefs’d,  there  will  be  a  bur  rais’d 
all  round  the  hole  on  both  fides  the  pafle-board ;  but  if  one 

fide  be  confin’d,  fo  that  the  bur  cannot  be  rais’d  on  that 

fide. 
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fide,  it  will  be  all  rais’d  on  the  other,  which  way  foever  the 
fluid  was  directed.  For  the  bur  round  the  outfide  of  the 
hole,  is  the  effeCt  of  the  explofion  every  way  from  the  cen¬ 
ter  of  the  ftream,  and  not  an  effeCt  of  the  direction. 

In  every  ftroke  of  lightning,  I  am  of  opinion  that  the 
ftream  of  the  electric  fluid,  moving  to  refiore  the  equilibri¬ 
um  between  the  cloud  and  the  earth,  does  always  previ- 
oufly  find  its  paflage,  and  mark  out,  as  I  may  fay,  its  own 
courfe,  taking  in  its  way  all  the  conductors  it  can  find,  fuch 

i  ^ 

as  metals,  damp  walls,  moift  wood,  &c.  and  will  go  confi- 
derably  out  of  a  direCt  courfe,  for  the  fake  of  the  afiiftance 
of  good  conductors ;  and  that,  in  this  courfe,  it  is  actually 
moving,  tho’  filently  and  imperceptibly,  before  the  explo¬ 
fion,  in  and  among  the  conductors  5  which  explofion  hap¬ 
pens  only  when  the  conductors  cannot  difcharge  it  as  faft 
as  they  receive  it,  by  reafon  of  their  being  incompleat,  dis¬ 
united,  too  final!,  or  not  of  the  beft  materials  for  conduct¬ 
ing.  Metalline  rods,  therefore,  of  fufficient  thicknefs,  and 
extending  from  the  higheft  part  of  an  edifice  to  the  ground, 
being  of  the  beft  materials  and  compleat  conductors,  will, 
I  think,  fecure  the  building  from  damage,  either  by  reftor- 
ing  the  equilibrium  fo  faft  as  to  prevent  a  ftroke,  or  by  con¬ 
ducting  it  in  the  fubftance  of  the  rod  as  far  as  the  rod  goes, 
fo  that  there  fhall  be  no  exploflon  but  what  is  above  its 
point,  between  that  and  the  clouds. 

If  it  be  afk’d,  what  thicknefs  of  a  metalline  rod  may  be 
fuppofed  fufficient  ?  In  anfwer,  I  would  remark,  that  five 
large  glafs  jars,  fuch  as  I  have  defcribed  in  my  former  pa- 
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pers,  difchargea  very  great  quantity  of  eledricity,  which 
neverthelefs  will  be  all  concluded  round  the  corner  of  a 
book,  by  the  fine  filletting  of  gold  on  the  cover,  it  follow¬ 
ing  the  gold  the  fartheft  way  about,  rather  than  take  the 
fhorter  courfe  through  the  cover,  that  not  being  fo  good  a 
condudor.  Nowin  this  line  of  gold,  the  metal  is  fo  ex- 

i"y 

tremely  thin  as  to  be  little  more  than  the  colour  of  gold, 
and  on  an  odavo  book  is  not  in  the  whole  an  inch  fquare, 
and  therefore  not  the  3  6th  part  of  a  grain  according  to 
M.  Reaumur ;  yet  ’tis  fufficient  to  condud  the  charge  of 
five  large  jars,  and  how  many  more  I  know  not.  Now,  I 
fuppofe  a  wire  of  a  quarter  an  inch  diameter  to  contain  about 
5000  times  as  much  metal  as  there  is  in  that  gold  line,  and 
if  fo,  it  will  condud  the  charge  of  2.5,000  fuch  glafs  jarrs, 
which  is  a  quantity,  I  imagine,  far  beyond  what  was  e- 
ver  contain'd  in  any  one  flroke  of  natural  lightning.  But 
a  rod  of  half  an  inch  diameter  would  condud  four  times  as 
much  as  one  of  a  quarter. 

j. 

And  with  regard  to  conduding,  tho'  a  certain  thick- 
nefs  of  metal  be  required  to  condud  a  great  quantity  of 
eledricity,  and,  at  the  fame  time,  keep  its  own  fubftance 
firm  and  unfeparated  •  and  a  lefs  quantity,  as  a  very  fmall 
wire  for  inftance,  will  be  deflroyed  by  the  explofion ;  yet 
fuch  fmall  wire  will  have  anfwered  the  end  of  conduding 
that  ftroke,  tho'  it  become  incapable  of  conduding  ano¬ 
ther.  And  confidering  the  extream  rapidity  with  which 
the  eledric  fluid  moves  without  exploding,  when  it  has  a 
free  pafiage,  or  compleat  metal  communication,  I  fhould 

think 
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think  a  vaft  quantity  would  be  conduced  in  a  fhort  time* 
either  to  or  from  a  cloud,  to  reftore  its  equilibrium  with 
the  earth,  by  means  of  a  very  fmall  wire  ;  and  therefore 
thick  rods  fhould  feem  not  fo  neceflary.— However,  as  the 
quantity  of  lightning  difcharg’d  in  one  ftroke,  cannot  well 
be  meafured,  and,  in  different  ftrokes,  is  certainly  very  va¬ 
rious,  in  fome  much  greater  than  others  5  and  as  iron  (the 
beft  metal  for  the  purpofe,  being  leaft  apt  to  fufe)  is  cheap, 
it  may  be  well  enough  to  provide  a  larger  canal  to  guide 
that  impetuous  blaft,  than  we  imagine  neceflary  :  For, 
though  one  middling  wire  may  be  fufiicient,  two  or  three 
can  do  no  harm.  And  time,  with  careful  obfervations 
well  compar’d,  will  at  length  point  out  the  proper  lize  to 
greater  certainty. 

Pointed  rods  ereCted  on  edifices  may  likewife  often  pre¬ 
vent  a  ftroke,  in  the  following  manner.  An  eye  fo  fitu- 
ated  as  to  view  horizontally  the  under  ftde  of  a  thunder 
cloud,  will  fee  it  very  ragged,  with  a  number  of  feparate 
fragments,  or  petty  clouds,  one  under  another,  the  loweft 
fometimes  not  far  from  the  earth.  Thefe,  as  fo  many 
ftepping-ftones,  aflift  in  conducting  a  ftroke  between  the 
cloud  and  a  building.  To  reprefent  thefe  by  an  experi¬ 
ment,  take  two  or  three  locks  of  fine  loofe  cotton,  con¬ 
ned  one  of  them  with  the  prime  conductor  by  a  fine 
thread  of  two  inches,  (which  may  be  fpun  out  of  the 
fame  lock  by  the  fingers)  another  to  that,  and  the  third 
to  the  fecond,  bv  like  threads. — Turn  the  globe,  and  you 

will 
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will  fee  thefe  locks  extend  themfelves  towards  the  table* 
(as  the  lower  fmall  clouds  do  towards  the  earth)  being  at¬ 
tracted  by  it:  But  on  prefenting  a  lharp  point  ered  under 
the  loweft,  it  will  Ihrink  up  to  the  fecond,  the  fecond  to 
the  firft,  and  all  together  to  the  prime  conductor,  where 
they  will  continue  as  long  as  the  point  continues  under 
them.  May  not,  in  like  manner,  the  fmall  eledrifed 
clouds,  whofe  equilibrium  with  the  earth  is  foon  reftor’d 
by  the  point,  rife  up  to  the  main  body,  and  by  that  means 
occafion  fo  large  a  vacancy,  as  that  the  grand  cloud  cannot 
ftrike  in  that  place  ? 

Thefe  thoughts,  my  dear  friend,  are  many  of  them: 
crude  and  hafty  %  and  if  I  were  merely  ambitious  of  acquir¬ 
ing  fome  reputation  in  philofophy,  I  ought  to  keep  them 
by  me,  till  correded  and  improved  by  time  and  farther 
experience.  But  fince  even  ftiort  hints  and  imperfed  ex¬ 
periments  in  any  new  branch  of  fcience,  being  communi¬ 
cated,  have  oftentimes  a  good  effed,  in  exciting  the  atten¬ 
tion  of  the  ingenious  to  the  fubjed,  and  fo  become  the 
occafion  of  more  exad  difquifition,  and  more  compleat 
difeoveries*  You  are  at  liberty  to  communicate  this  paper 
to  whom  you  pleafe ;  it  being  of  more  importance  that 
knowledge  fliould  increafe,  than  that  your  friend  fhould 
be  thought  an  accurate  philofopher. 

LET- 
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LETTER  XIIL 


FROM 


Benj.  Franklin,  Efqy  at 


T  O 


Peter  Collinson,  Efq\  F.R.S.  at  London * 


S  1  April  18,  1754- 

SINCE  September  laft,  having  been  abroad  on  twa 
long  journeys,  and  otherwife  much  engag’d,  I  have 
made  but  few  obfervations  on  the pofitive  and  negative 
flate  of  electricity  in  the  clouds.  But  Mr  Kinnerjley  kept 
his  rod  and  bells  in  good  order,  and  has  made  many. 

Once  this  winter  the  bells  rang  a  long  time,  during  a 
fall  of  fnow,  tho’  no  thunder  was  heard,  or  lightning  feen*. 
Sometimes  the  flafhes  and  cracks  of  the  ele&ric  matter  be¬ 
tween  bell  and  bell  were  fo  large  and  loud  as  to  be  heard 
all  over  the  houfe :  but  by  all  his  obfervations,  the 
clouds  were  conftantly  in  a  negative  ftate,  till  about  fix 
weeks  ago,  when  he  found  them  once  to  change  in  a  few 
minutes  from  the  negative  to  the  pofitive.  About  a  fort- 

night 
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night  after  that  he  made  another  obfervation  of  the  fame 
kind  ;  and  laft  Monday  afternoon,  the  wind  blowing  hard 
at  S.  E.  and  veering  round  to  N.  E.  with  many  thick  driv¬ 
ing  clouds,  there  were  five  or  fix  fuccefiive  changes  from 
negative  to  pofitive,  and  from  pofitive  to  negative,  the 
bells  flopping  a  minute  or  two  between  every  change. 
Befides  the  methods  mentioned  in  my  paper  of  September 
laft,  of  difcovering  the  electrical  ftate  of  the  clouds,  the  fol¬ 
lowing  may  be  us'd.  When  your  bells  are  ringing,  pafs  a 
rubb’d  tube  by  the  edge  of  the  bell,  connected  with  your 
pointed  rod :  if  the  cloud  is  then  in  a  negative  ftate,  the 
ringing  will  flop  5  if  in  a  pofitive  ftate,  it  will  continue, 
and  perhaps  be  quicker.  Or,  fufpend  a  very  fmall  cork- 
ball  by  a  fine  filk  thread,  fo  that  it  may  hang  clofe  to  the 
ed<>e  of  the  rod-bell :  then  whenever  the  bell  is  electrified. 
Whether  pofitively  or  negatively,  the  little  ball  will  be  re¬ 
pelled,  and  continue  at  fome  diftance  from  the  belh  Have 
ready  a  round-headed  glafs  ftopper  of  a  decanter,  rub  it 
on  your  fide  till  it  is  electrified,  then  prefent  it  to  the 
cork-ball.  If  the  electricity  in  the  ball  is  pofitive,  it  will 
be  repell’d  from  the  glafs  ftopper  as  well  as  from  the  belh 
If  negative,  it  will  fly  to  the  ftopper. 

o'  ■  ■  \ 
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Letters  on  Electricity. 
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Benj.  Franklxn,^/^  of  Philadelphia , 

-  •  *  ■'  V  **  v  V  • 

BY 

Mr  David  Golden  of  New-Tork. 

r 
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aS  /  i?,  Coldenham ,  in  N.  Tork$  Dec.  4,  1753. 

*  • 

IN  confidering  the  Abbe  Nolle  fs  letters  to  Mr  Frank - 
//»,  I  am  obliged  to  pafs  by  all  the  experiments  which 

are  made  with,  or  in,  bottles  hermetically  fealed,  or 
exhaufted  of  air  y  becaufe,  not  being  able  to  repeat  the 
experiments,  I  could  not  fecond  any  thing  which  occurs 
to  me  thereon,  by  experimental  proof.  Wherefore,  the 
firft  point  wherein  I  can  dare  to  give  my  opinion,  is  in 
the  Abbe’s  4th  letter,  p.  66,  where  he  undertakes  to  prove, 
that  the  eledtric  matter  paffes  from  one  furface  to  another 
through  the  intire  thicknefs  of  the  glafs :  He  takes  Mr 
Franklin's  experiment  of  the  magical  pidture,  and  writes 
thus  of  it*  "  When  you  eledtrife  a  pane  of  glafs  coated 
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«  on  both  fides  with  metal,  it  is  evident  that  whatever  is 
«  placed  on  the  fide  oppofite  to  that  which  receives  the 
«  electricity  from  the  conductor,  receives  alfo  an  evident 
<c  eledtrical  virtue.”  Which  Mr  Franklin  fays,  is  that  e- 
qual  quantity  of  eledtric  matter,  driven  out  of  this  fide, 
by  what  is  received  from  the  conductor  on  the  other  fide ; 
and  which  will  continue  to  give  an  electrical  virtue,  to 
any  thing  in  contadt  with  it,  till  it  is  entirely  difcharged 
of  its  eledtrical  fire.  To  which  the  Abbe  thus  objedts  : 

Tell  me,  fays  he,  I  pray  you,  how  much  time  is  ne- 
«  ceffary  for  this  pretended  difcharge  ?  I  can  allure  you, 
6C  that  after  having  maintain’d  the  eledtrifation  for  hours, 
c€  this  furface,  which  ought,  as  it  feems  to  me,  to  be  en- 
“  tirely  difcharged  of  its  eledtrical  matter,  confidering  ei- 
therthe  vafl  number  of  fparksthat  were  drawn  from  it, 
u  or  the  time  that  this  matter  had  been  expofed  to  the  adtion 
“  of  the  expulfive  caule  ;  this  furface,  I  fay,  appeared  ra- 
ther  better  eledtrifed  thereby,  and  more  proper  to  pro- 
44  duce  all  theeffedts  of  an  adtual  eledtric  body.  p.  68.” 

The  Abbe  does  not  tell  us  what  thofe  effedts  were :  all 
the  effedts  I  could  never  obferve,  and  thofe  that  are  to 
be  obferved  can  eafily  be  accounted  for,^  by  fuppofing  that 
fide  to  be  entirely  deftitute  of  eledtric  matter.  The  mod 
fenfible  effedt  of  a  body  charged  with  eledtricity  is,  that 
when  you  prefent  your  finger  to  it,  a  fpark  will  iffue  from 
it  to  your  finger  :  Now  when  a  phial,  prepared  for  the 
Leyden  experiment,  is  hung  to  the  gun-barrel  or  prime- 
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condudtor,  and  you  turn  the  globe  in  order  to  charge  i'F$ 
as  foon  as  the  eledtric  matter  is  excited,  you  can  obferve  a 
fpark  to  ifFue  from  the  external  furface  of  the  phial  to 
your  finger,  which,  Mr  Franklin  fays,  is  the  natural  eledtric 
matter  of  the  glafs  driven  out  by  that  received  by  the  in* 
ner  furface  from  the  conductor.  If  it  be  only  drawn  out 
by  fparks,  a  vafi:  number  of  them  may  be  drawn ;  but  if 
you  take  hold  of  the  external  furface  with  your  hand,  the 
phial  will  foon  receive  all  the  eledtric  matter  it  is  capable  of, 
and  theoutfide  will  then  be  entirely  defiitute  of  its  eledtric 
matter,  and  no  fpark  can  be  drawn  from  it  by  the  finger  * 
here  then  is  a  want  of  that  efFedt  which  all  bodies,  charg’d 
with  eledtricity,  have.  Some  of  the  efFedts  of  an  eledtric 
body,  which  I  fuppofe  the  Abbe  has  obferved  in  the  ex¬ 
terior  furface  of  a  charged  phial,  are  that  all  light  bodies 
are  attracted  by  it.  This  is  an  efFedt  which  I  have  con- 

i  • 

flantly  obferved,  but  do  not  think  that  it  proceeds  from 
an  attradlive  quality  in  the  exterior  furface  of  the  phial, 
but  in  thofe  light  bodies  themfelves,  which  feem  to  be  at- 
'tradted  by  the  phial.  It  is  a  conftant  obfervation,  that 
when  one  body  has  a  greater  charge  of  eledtric  matter  in 
it  than  another  (that  is  in  proportion  to  the  quantity  they 
will  hold)  this  body  will  attradt  that  which  has  lefs :  Now, 
I  fuppofe,  and  it  is  a  part  of  Mr  Franklin's  fyftem,  that 
all  thofe  light  bodies  which  appear  to  be  attradted,  have 
more  eledtric  matter  in  them  than  the  external  furface  of 
the  phial  has,  wherefore  they  endeavour  to  attradt  the 
v  "  J  1  phial 
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phial  to  them,  which  is  too  heavy  to  be  moved  by  the 
fmall  degree  of  force  they  exert,  and  yet  being  greater 
than  their  own  weight,  moves  them  to  the  phial.  The 
following  experiment  will  help  the  imagination  in  con¬ 
ceiving  this.  Sufpend  a  cork  ball,  or  a  feather  by  a  filk 
thread,  and  eleCtrife  it  5  then  bring  this  ball  nigh  to  any 
fixed  body,  and  it  will  appear  to  be  attracted  by  that  bo¬ 
dy,  for  it  will  fly  to  it :  Now,  by  the  confent  of  eleCtri- 
cians,  the  attractive  caufe  is  in  the  ball  itfelf,  and  not 
in  the  fixed  body  to  which  it  flies  :  This  is  a  fimilar  cafe 
with  the  apparent  attraction  of  light  bodies5  to  the  external 
furface  of  a  charged  phial. 

The  Abbe  fays,  p.  69.  c<  that  he  can  eleCtrife  a  hundred 
men,  Sanding  on  wax,  if  they  hold  hands,  and  if  one  of 
them  touch  one  of  thefe  furfaces  (the  exterior)  with  the 
end  of  his  finger”  :  This  X  know  he  can,  while  the  phial  is 
charging,  but  after  the  phial  is  charged  I  am  as  certain  he 
cannot ;  That  is,  hang  a  phial,  prepared  for  the  Leyden 
experiment,  to  the  conductor,  and  let  a  man,  {landing  on 
the  floor,  touch  the  coating  with  his  finger,  while  the  globe 
is  turn’d,  till  the  eleCtric  matter  fpews  out  of  the  hook  of 
the  phial,  or  fome  part  of  the  conductor,  which  I  take  to 
be  the  certaineft  fign  that  the  phial  has  received  all  the  e*» 
leCtric  matter  it  can  :  after  this  appears,  let  the  man,  who 
before  flood  on  the  floor,  flep  on  a  cake  of  wax,  where 
he  may  ftand  for  hours,  and  the  globe  all  that  time  turn¬ 
ed,  and  yet  have  no  appearance  of  being  eleCtrifed.  Af- 
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ter  the  eledtric  matter  was  fpewed  out  as  above  from  the 
hook  of  a  phial  prepared  for  the  Lyden  experiment,  I 
hung  another  phial,  in  like  manner  prepared,  to  a  hook  fix¬ 
ed  in  the  coating  of  the  firft,  and  held  this  other  phial  in 
my  hand  ;  now  if  there  was  any  eledtric  matter  tranfmit- 
ted  thro’  the  glafs  of  the  firft  phial,  the  fecond  one  would 
certainly  receive  and  colled:  it  $  but  having  kept  the  phials 
in  this  fituation  for  a  confiderable  time,  during  which  the 
globe  was  continually  turned,  I  could  not  perceive  that  the 
fecond  phial  was  in  the  leaft  charged,  for  when  I  touch¬ 
ed  the  hook  with  my  finger,  as  in  the  Leyden  experiment, 
I  did  not  feel  the  leaft  commotion,  nor  perceive  any  fpark 
to  ifliie  from  the  hook. 

'  1  i 

I  likewife  made  the  following  experiment.  Having 
charged  two  phials  (prepared  for  the  Leyden  experiment) 
through  their  hooks ;  two  perfons  took  each  one  of  thefe 
phials  in  their  hand  $  one  held  his  phial  by  the  coating,  the 
other  by  the  hook,  which  he  could  do  by  removing  the  com¬ 
munication  from  the  bottom  before  he  took  hold  of  the  hook. 
Thefe  perfons  placed  themfelves  one  on  each  fide  of  me, 
while  I  flood  on  a  cake  of  wax,  and  took  hold  of  the  hook 
of  that  phial  which  was  held  by  its  coating  (upon  which 
a  fpark  iflued,  but  the  phial  was  not  difcharged,  as  I  flood 
on  wax)  keeping  hold  of  the  hook,  I  touched  the  coat¬ 
ing  of  the  phial  that  was  held  by  its  hook  with  my  other 
hand,  upon  which  there  was  a  large  fpark  to  be  feen  be¬ 
tween  my  finger  and  the  coating,  and  both  phials  were 

inftantly 
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inftantly  difcharged.  If  the  Abbe’s  opinion  be  right,  that 
the  exterior  furface,  communicating  with  the  coating,  is 
charged,  as  well  as  the  interior,  communicating  with  the 
hook ;  how  can  I,  who  (land  on  wax,  difcharge  both  thefe 
phials,  when  it  is  well  known  I  could  not  diicharge  one 
of  them  lingly  ?  Nay,  fuppofe  I  have  drawn  the  elec¬ 
tric  matter  from  both  of  them,  what  becomes  of  it  ?  For 
I  appear  to  have  no  additional  quantity  in  me  wdien  the  ex¬ 
periment  is  over,  and  I  have  not  ftirr’doff the  wax  :  Where¬ 
fore  this  experiment  fully  convinces  me,  that  the  exterior 
furface  is  not  charged  ;  and  not  only  fo,  but  that  it  wants 
as  much  eledtric  matter  as  the  inner  has  of  excels :  For  by 
this  fuppofition,  which  is  a  part  of  Mr  Franklin’s  fyftem, 
the  above  experiment  is  eafily  accounted  for,  as  follows : 


When  I  Hand  on  wax,  my  body  is  not  capable  of  receiving 
all  the  eledtric  matter  from  the  hook  of  one  phial,  which 
it  is  ready  to  give ;  neither  can  it  give  as  much  to  the  coating 
of  the  other  phial  as  it  is  ready  to  take,  when  one  is  only 
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applied  to  me  :  But  when  both  are  applied,  the  coating 
takes  from  one  what  the  hook  gives :  Thus  I  receive  the 
fire  from  the  firft  phial  at  B,  the  exterior  furface  of  which 
is  fupplied  from  the  hand  at  A  :  I  give  the  fire  to  the  fe¬ 
cond  phial  at  C,  whofe  interior  furface  is  difcharged  by 
the  hand  at  D.  This  difcharge  at  D  may  be  made  evident 
by  receiving  that  fire  into  the  hook  of  a  third  phial,  which 
is  done  thus  :  In  place  of  taking  the  hook  of  the  fecond 
phial  in  your  hand,  run  the  wire  of  a  third  phial,  prepared 
as  for  the  Leyden  experiment,  through  it,  and  hold  this  third 
phial  in  your  hand,  the  fecond  one  hanging  to  it,  by  the 
ends  of  the  hooks  run  through  each  other  :  When  the  ex¬ 
periment  is  performed,  this  third  phial  receives  the  fire  at 
D,  and  will  be  charged.  When  this  experiment  is  con- 
fidered,  I  think,  it  mu  ft  fully  prove  that  the  exterior  furface 
of  a  charged  phial  wants  eledtric  matter,  while  the  inner 
furface  has  an  excefs  of  it.  One  thing  more,  worthy  of 
notice  in  this  experiment  is,  that  I  feel  no  commotion  or 
ftiock  in  my  arms,  tho*  fo  great  a  quantity  of  eledhiC  mat¬ 
ter  pafles  through  them  inftantaneoufly :  I  only  feel, a  prick¬ 
ling  in  the  ends  of  my  fingers.  This  makes  me  think  the 

*■"  *  i 

Abbe  has  miftook,  when  he  fays,  that  there  is  no  difference 
between  the  fhock  felt  in  performing  the  Leyden  experi¬ 
ment,  and  the  prickling  felt  on  drawing  Ample  fparks,  ex¬ 
cept  that  of  greater  to  lefs.  In  the  laft  experiment,  as  much  ] 
eledtric  matter  went  through  my  arms,  as  would  have  given 
me  a  very  fenfible  fhock,  had  there  been  an  immediate  com- 


mu« 
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munication,  by  my  arms,  from  the  hook  to  the  coating  of 
the  fame  phial  ;  becaufe  when  it  was  taken  into  a  third 
phial,  and  that  phial  difcharged  finglv  thro’  my  arms,  it 
gave  me  a  fenfible  fhock.  If  thefe  experiments  prove  that 
the  eledtric  matter  does  not  pafs  through  the  in  tire  thick  - 
nefs  of  the  glafs ;  it  is  a  necelTary  confequence  that  it  muft 
always  come  out  where  it  enter’d. 

The  next  thing  I  meet  with  is  in  the  Abbe’s  fifth  letter 
p.  88,  where  he  differs  from  Mr  Franklin,  who  thinks 
that  the  whole  power  of  giving  a  fhock  is  in  the  glafs  it- 
felf,  and  not  in  the  non-electrics  in  contadt  with  it.  The 
experiments  which  Mr  Franklin  gave  to  prove  this  opini¬ 
on,  in  his  Experiments  and  Obfervations  on  EleSlricity, 
Letter  III.  p.  24.  convinced  me  that  he  was  in  the  right  • 
and  what  the  Abbe  has  afferted  in  contradiction  thereto* 
has  not  made  me  think  otherwife.  The  Abbe  perceiving 
as  I  fuppofe,  that  the  experiments,  as  Mr  Franklin  had 
perform’d  them,  muft  prove  his  affertion  ;  alters  them 
without  giving  any  reafon  for  it,  and  makes  them  in  a 
manner  that  proves  nothing.  Why  will  he  have  the  phial, 
into  which  the  water  is  to  be  decanted  from  a  charged 
phial,  held  in  a  man’s  hand  ?  If  the  power  of  giving  a 
fhock  is  in  the  water  contain’d  in  the  phial,  it  fhould  re¬ 
main  there  tho’  decanted  into  another  phial,  fince  no  non¬ 
electric  body  touch’d  it  to  take  that  power  off.  The  phial 
being  placed  on  wax  is  no  objedion,  for  it  cannot  take  the 
power  from  the  water,  if  it  had  any,  but  it  is  a  neceffary 
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means  to  try  the  fad:  5  whereas,  that  phial’s  being  charged 
when  held  in  a  man’s  hand,  only  proves  that  water  will 
condud  the  eledric  matter.  The  Abbe  owns,  p.  94,  that 
he  had  heard  this  remarked,  but  fays,  Why  is  not  a  con- 
dudor  of  eledrieity  an  eledric  fubjed?  This  is  not  the 
queftion  5  Mr  Franklin  never  faid  that  water  was  not  an  e- 
ledric  fubjed ;  he  faid,  that  the  power  of  giving  a  fhock, 
was  in  the  glafs,  and  not  in  the  water  ;  and  this,  his  expe¬ 
riments,  fully  prove  ;  fo  fully,  that  it;  may  appear  imper¬ 
tinent  to  offer  any  more  Yet.  as  X  do  not  know  that  the. 
following  has-been  taken  notice  of  by  any  body  before, 
my  inferting  of  it  in  this  place  may  be  excufed.  It  is  this : 
Hang  a  phial,  prepared  for  the  Leyden  experiment,, 
to  the  condudor,  by  its  hook,  and  charge  it,  which, 
done,  remote  the  communication  from  the  bottom  of 
the  phial,  Now  the  condudor  ihews  evident  figns  of  be¬ 
ing  eledrifed  5  for  if  a  thread  be  tied  round  it,,  and  its  ends 
left  about  two  inches  long,  they  will  extend  themfelves 
out  like  a  pair  of  horns  y  but  if  you  touch  the  con¬ 
dudor,  a  fpark  will  iffue  from  it,  and  the  threads  will  falJ^ 
nor  does  the  condudor  fhew  the  lead:  fign  of  being  elec™ 
trifed  after  this  is  done..  X  think  that  by  this  touch,  X 
have  taken  out  all  the  charge  of  eledric  matter  that  was 
in  the  condudor,  the  hook  of  the  phial,  and  water  or  fi¬ 
lings  of  iron  contain’d  in  it ;  which  is  no  more  than  we 
fee  all  non-eledric  bodies  will  receive  ;  yet  the  glafs  of  the 
phial  retains  its  power  of  giving,  a  fhock,  as  any  one  will 

find! 
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find  that  pleafes  to  try.  This  experiment  fully  evidences, 
that  the  water  in  the  phial  contains  no  moie  electric  mat¬ 
ter  than  it  would  do  in  an  open  bafon,  and  has  not  any 
of  that  great  quantity  which  produces  the  (hock,  and  is 
only  retain’d  by  the  glafs.  If  after  the  fpark  is  drawn 
from  the  conductor,  you  touch  the  coating  of  the  phial 
(which  all  this  while  is  fuppofed  to  hang  in  the  air,  free, 
from  any  non-eledtric  body)  the  threads  on  the  condudtor 
will  inftantly  dart  up,  and  fhew  that  the  condudtor  is  elec- 
trifed.  It  receives  this  eledtrifation  from  the  inner  furface  of 
the  phial,  which,  when  the  outer  furface  can  receive  what  it. 
wants  from  the  hand  applied  to  it,  will  give  as  'much  as 
the  bodies  in  contadbwith  it  can  receive,  or,  if  they  be  large 
enough,  all  that  it  has  of  excels.  It  is  diverting  to  fee  how. 
the  threads  will  rife  and  fall  by  touching  the  coating  and 
condudtor  of  the  phial  alternately.  IVXay  it  notbethat  the. 
difference  between  the  charged  fide  of  the  glafs, .and  the 
outer  or  emptied  fide,  being  leffen’d  by  touching  the  hook 
or  the-  condudtor ;  the  outer  fide  can  receive  from  the 
hand  which- touched' it,  and  by  its  receiving  the  inner  fide' 
cannot  retain  fo  much  ;  and  for  that  reafon  fo  much  as  it 
cannot  contain  eledtrifes  the  water,  or  filings  and  condudtor : 
For  it  feemsto  be  a  rule,  that  the  one  fide  muft  be  emptied 
in«the  fame  proportion  that  the  other  is  fill’d  :  Tho’  this 
from  experiment  appears  evident,  yet  it  is  ftill  a  myftery 
Eiot.to.be  accounted  for. 

I.am- 
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I  am,  in  many  places  of  the  Abbe's  book,  furprifed  to 
find  that  experiments  have  fucceeded  fo  differently  at  Pa¬ 
ris  from  what  they  did  with  Mr  Franklin ,  and  as  I  have 
always  obferv’d  them  to  do.  The  Abbe,  in  making  expe¬ 
riments  to  find  the  difference  between  the  two  furfaces  of 
a  charged  glafs,  will  not  have  the  phial  placed  on  wax : 
For,  fays  he,  don't  you  know  that  being  placed  on  a  body 
originally  eledtric,  it  quickly  lofes  its  virtue  ?  I  cannot  i- 

magine  what  fhould  have  made  the  Abbe  think  fo  $  it 
certainly  is  contradictory  to  the  notions  commonly  received 
of  eledtrics  per  fe ;  and  by  experiment  I  find  it  entirely 
other  wife  :  For  having  feveral  times  left  a  charged  phial, 
for  that  purpofe,  ftanding  on  wax  for  hours,  I  found  it  to 
retain  as  much  of  its  charge  as  another  that  flood  at  the 
fame  time  on  a  table.  I  left  one  ftanding  on  wax  from  10 
o'clock  at  night  till  8  next  morning,  when  I  found  it  to 
retain  a  fufficient  quantity  of  its  charge,  to  give  me  a  fen- 
lible  commotion  in  my  arms,  though  the  room  in  which 
the  phial  flood  had  been  fwept  in  that  time,  which  muft 
have  rais’d  much  duft  to  facilitate  the  difcharge  of  the 
phial. 

I  find  that  a  cork  ball  fufpended  between  two  bottles  a 
the  one  fully  and  the  other  but  little  charged,  will  not 
play  between  them,  but  is  driven  into  a  fituation  that 
makes  a  triangle  with  the  hooks  of  the  phials  ;  though 
the  Abbe  has  afferted  the  contrary  of  this,  p .  ioi,  in  or¬ 
der  to  account  for  the  playing  of  a  cork  ball  between  the 
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wire  thrufl  into  the  phial,  and  one  that  rifes  up  from  its 
coating.  The  phial  which  is  leaft  charged  muft  have 
more  electric  matter  given  to  it,  in  proportion  to  its  bulk, 
than  the  cork  ball  receives  from  the  hook  of  the  full 
phial.  r 

The  Abbe  fays,  p.  103,  “that  a  piece  of  metal  leaf 
hung  to  a  filk  thread  and  eleftrifed,  will  be  repell’d-  by 
the  bottom  of  a  charged  phial  held  by  its  hook  in  the 
€c  air:”  This  I  find  conflantly  other  wife,  it  is  with  me  al¬ 
ways  firfl:  attracted  and  then  repelled  :  It  is  neceffary  in 
charging  the  leaf  to  be  careful,  that  it  does  not  fly  off  to 
fome  non-eledtric  body,  and  fo  difcharge  itfelf  when  you 
think  it  is  charged  ;  it  is  difficult  to  keep  it  from  flying  to 
your  own  wrift,  or  to  fome  part  of  your  body. 

The  Abbe,  p.  108,  fays,  “  that  it  is  not  impoffible,  as 
cc  Mr  Franklin  fays  it  is,  to  charge  a  phial  while  there  is  a 
cc  communication  form'd  between  its  coating  and  its  hookf* 
I  have  always  found  it  impoffible  to  charge  fuch  a  phial  fo 
as  to  give  it  a  fhock :  Indeed  if  it  hang  on  the  condu&or 
without  a  communication  from  it,  you  may  draw  a  fpark 
from  it  as  you  may  from  any  body  that  hangs  there,  but 
this  is  very  different  from  being  charged  in  fuch  a  manner 
as  to  give  a  fhock.  The  Abbe,  in  order  to  account  for 
the  little  quantity  of  eleftric  matter  that  is  to  be  found  in 
the  phial,  fays,  u  that  it  rather  follows  the  metal  than  the 
iC  glafs,  and  that  it  is  fpewed  out  into  the  air  from  the  coating 
*  of  the  phial”.  I  wonder  how  it  comes  not  to  do  fo  too, 

when 
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when  it  lifts  through  the  glafs,  and  charges  the  exterior 
furface,  according  to  the  Abbe’s  fyftem  ! 

The  Abbe’s  objections  againft  Mr  Franklin' s  two  laft 
experiments,  I  think,  have  little  weight  in  them :  He  feems, 
indeed,  much  at  a  lofs  what  to  fay,  wherefore  he  taxes 
Mr  Franklin  with  having  conceal’d  a  material  part  of  the 
experiment  3  a  thing  too  mean  for  any  gentleman  to  be 
charged  with,  who  has  not  fhewn  as  great  a  partiality  in 
relating  experiments,  as  the  Abbe  has  done. 
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With  an  Attempt  to  account  for  their 

*  1  i 

SEVERAL  PHENOMENA. 

Together  with 

i 

Some  Obfervations  on  Thunder-Clouds , 

In  further  Confirmation  of  Mr  Franklin’s  Ob¬ 
fervations  on  the  pofitive  and  negative  electrical 
State  of  the  Clouds,  by  John  Canton,  M.  A. 
and  F.  R.  S. 

Dec.  6,  1753. 

EXPERIMEN  I. 

FROM  the  deling,  or  any  convenient  part  of  a 
room,  let  two  cork-balls,  each  about  the  bignefs 
of  a  fmall  pea,  be  fufpended  by  linen  threads  of 
eight  or  nine  inches  in  length,  fo  as  to  be  in  contadt  with 
each  other.  Bring  the  excited  glafs  tube  under  the  balls 
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and  they  wili  be  feparated  by  it,  when  held  at  the  diftance • 
of  three  or  four  feet  let  it  be  brought  nearer,  and  they 
will  (bind  farther  apart ;  intirely  withdraw  it,  and  they 
Will  immediately  come  together.  This  experiment  may 
be  made  with  very  filial!  brafs  balls  hung  by  filver  wire 
and  will  fucceed  as  well  with  fealing-wax  made  eledrical* 
as  with  glafs. 

EXPERIMENT  II. 

If  two  cork -balls  be  fufpended  by  dry  filk  threads,  the 
excited  tube  mud  be  brought  within  eighteen  inches  be¬ 
fore  they  will  repel  each  other  ;  which  they  will  continue 
to  do,  for  fome  time,  after  the  tube  is  taken  away. 

As  the  balls  in  the  firA  experiment  are  not  infulated, 
they  cannot  properly  be  faid  to  be  eledrified  :  but  when 
they  hang  within  the  atmofphere  of  the  excited  tube,  they 
may  attract  and  condenfe  the  eiedrical  fluid  round  about . 
them,  and  be  feparated  by  the  repulfion  of  its  particles,. 
It  is  conjectur’d  alfo,  that  the  balls  at  this  time  contain 
lefs  than  their  common  fhare  of  the  eiedrical  fluid,  on 
account  of  the  repelling  power  of  that  which  furrounds 
them  ;  tho*  fome,  perhaps,  is  continually  entering  and  paf- 
ling  thro'  the-threads.  And  if  that  be  the  cafe,  the  rea- 
fon  is  plain  why  the  balls  hung  by  filk,  in  the  fecond  ex¬ 
periment,  muft  be  in  a  much  more  denfe  part  of  the  at¬ 
mofphere  of  the  tube,  before  they  will  repel  ^ach  other. 
At  the  approach  of  an  excited  flick  of  wax  to  the  balls* 
in  the  firft  experiment,,  the  eiedrical  fire  is  fuppofed  to 
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come  through  the  threads  into  the  balls,  and  be  condenfed 
there,  in  its  paffage  towards  the  wax ;  for,  according  to 
Mr  Franklin ,  excited  glafs  emits  the  eledtrical  fluid,  but 
excited  wax  receives  it. 

EXPERIMENT  III. 

Let  a  tin  tube,  of  four  or  five  feet  in  length,  and  about 
two  inches  in  diameter,  be  infulated  by  filk  and  from  one 
end  of  it  let  the  cork-balls  be  fufpended  by  linen  threads. 
Electrify  it,  by  bringing  the  excited  glafs  tube  near  the 
other  end,  fo  as  that  the  balls  may  ftand  an  inch  and  an 
half,  or  two  inches,  a-part :  Then,  at  the  approach  of 
the  excited  tube,  they  will,  by  degrees,  lofe  their  repelling 
power,  and  come  into  contadl ;  and  as  the  tube  is  brought 
ftill  nearer,  they  will  feparate  again  to  as  great  a  diftance 
as  before :  In  the  return  of  the  tube  they  will  approach 
each  other  till  they  touch,  and  then  repel  as  at  firft.  If 
the  tin  tube  be  eledlrified  by  wax,  or  the  wire  of  a  charg'd 
phial,  the  balls  will  be  affedied  in  the  fame  manner  at  the 
approach  of  excited  wax,  or  the  wire  of  the  phial. 

EXPERIMENT  IV. 

Eledtrify  the  cork-balls  as  in  the  laft  experiment  by  glafs, 
and  at  the  approach  of  an  excited  flick  of  wax  their  re- 
pulfion  will  be  increafed.  The  effedl  will  be  the  fame,  if 
the  excited  glafs  be  brought  towards  them,  when  they  have 
been  eledlrified  by  wax. 

The  bringing  the  excited  glafs  to  the  end,  or  edge  of 
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the  tin-tube,  in  the  third  experiment,  is  fuppos’d  to  elec¬ 
trify  it  pofitively,  or  to  add  to  the  electrical  fire  it  before 
contained  ;  and  therefore  fome  will  be  running  off  through 
the  balls,  and  they  will  repel  each  other.  But  at  the  ap¬ 
proach  of  excited  glafs,  which  likewife  emits  the  electrical 
fluid,  the  difcharge  of  it  from  the  balls  will  be  diminUh’d  ; 
or  part  will  be  driven  back,  by  a  force  acting  in  a  contrary 
direction  ;  and  they  will  come  nearer  together.  If  the 
tube  be  held  at  fuch  a  diftance  from  the  balls,  that  the 
excefs  of  the  denfity  of  the  fluid  round  about  them,  above 
the  common  quantity  in  air,  be  equal  to  the  excefs  of  the 
denfity  of  that  within  them,  above  the  common  quantity 
contain’d  in  cork;  their  repulfion  will  be  quite  deftroy’d. 
But  if  the  tube  be  brought  nearer  ;  the  fluid  wtthout,  be¬ 
ing  more  denfe  than  that  within  the  balls,  it  will  be  at* 
traded  by  them,  and  they  will  recede  from  each  other 

again. 

When  the  apparatus  has  loft  part  of  its  natural  fhare 
of  this  fluid,  by  the  approach  of  excited  wax  to  one  end 
of  it,  or  is  eledrified  negatively ;  the  eledrical  fire  is  at- 
traded  and  imbib’d  by  the  balls  to  fupply  the  deficiency ; 
and  that  more  plentifully  at  the  approach  of  excited  glafs ; 
or  a  body  pofitively  eledrified,  than  before ;  whence  the 
diftance  between  the  balls  will  be  increafed,  as  the  fluid 
furrounding  them  is  augmented.  And  in  general,  whe¬ 
ther  by  the  approach  or  recefs  of  any  body  5  if  the  diffe¬ 
rence  between  the  denfity  of  the  internal  and  external  fluid 

be 
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be  increafed,  or  diminiihed  ;  the  repulfion  of  the  balls  will 
be  increafed,  or  diminilhed,  accordingly. 

experiment  y. 

When  the  infulated  tin  tube  is  not  eledrified,  bring  the 
excited  glafs  tube  towards  the  middle  of  it,  fo  as  to  be  near¬ 
ly  at  right  angles  with  it,  and  the  balls  at  the  end  will  re¬ 
pel  each  other ;  and  the  more  fo,  as  the  excited  tube  is 
brought  nearer.  When  it  has  been  held  a  few  feconds, 
at  the  diftance  or  about  fix  inches,  withdraw  it,  and  the 
balls  Will  approach  each  other  till  they  touch  j  and  then 
feparating  again,  as  the  tube  is  moved  farther  off,  will  con¬ 
tinue  to  repel  when  it  is  taken  quite  away.  And  this  re¬ 
pulfion  between  the  balls  will  be  increafed  by  the  approach 
of  excited  glafs,  but  diminilhed  by  excited  wax  ;  juft  as 
if  the  apparatus  had  been  electrified  by  wax,  after  the  man- 
ner  defcnbed  in  the  third  experiment. 

experiment  VI. 

Infulate  two  tin  tubes,  diftinguithed  by  A  and  B,  fo  as 
to  be  in  a  line  with  each  other,  and  about  half  an  inch 
apart  ;  and  at  the  remote  end  of  each,  let  a  pair  of  cork 
balls  be  fufpended.  Towards  the  middle  of  A,  bring  the 
excited  glats  tube,  and  holding  it  a  thort  time,  at  the  di- 
ftance  of  a  few  inches,  each  pair  of  balls  will  be  obferved 
to  feparate  :  withdraw  the  tube,  and  the  balls  of  A  will 
come  together,  and  then  repel  each  other  again  ;  but  thofe 
of  B  will  hardly  be  affeded.  By  the  approach  of  the  ex- 
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cited  glafs  tube,  held  under  the  balls  of  A,  their  repulfion 
will  be  increafed  :  but  if  the  tube  be  brought,  in  the  fame 
manner,  towards  the  balls  of  B ,  their  repulfion  will  be  di- 

mini  (lied. 

In  the  fifth  experiment,  the  common  (lock  01  eledtncal 
matter  in  the  tin  tube,  is  fuppofed  to  be  attenuated  about 
the  middle,  and  to  be  condenfed  at  the  ends,  by  the  re¬ 
pelling  power  of  the  atmofphere  of  the  excited  glafs  tube, 
wheifheld  near  it.  And  perhaps  the  tin  tube  may  lofe 
fome  of  its  natural  quantity  of  the  eledtncal  fluid,  before 
it  receives  any  from  the  glafs ;  as  that  fluid  will  more 
readily  run  oft  from  the  ends  and  eages  of  it,  than  emer  at 
the  middle  :  and  accordingly,  when  the  glafs  tube  is  with¬ 
drawn,  and  the  fluid  is  again  equally  diffufed  through  the 
apparatus,  it  is  found  to  be  electrified  negatively :  For  ex¬ 
cited  giafs  brought  under  the  balls  will  increafe  their  re- 

pullion. 

In  the  fixth  experiment,  part  of  the  fluid  driven  out 
of  one  tin  tube  enters  the  other ;  which  is  found  to  be 
electrified  pofitively,  by  the  decreafing  of  the  repulfion  of 
its  balls,  at  the  approach  of  excited  glafs. 

EXPERIMENT  VII. 

Let  the  tin  tube,  with  a  pair  of  balls  at  one  end,  be 
placed  three  feet  at  leaft  from  any  part  of  the  room,  and 
the  air  render’d  very  dry  by  means  of  a  fire  :  eie^tiify  the 
apparatus  to  a  confiderable  degree ;  then  touch  the  tin 
tube  with  a  finger,  or  ^any  other  conductor,  and  the  balls 
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will,  notwithftanding,  continue  to  repel  each  other  ;  thoT 
not  at  fo  great  a  great  a  diftance  as  before. 

The  air  furrounding  the  apparatus  to  the  diftance  of  two 
or  three  feet,  is  fuppofed  to  contain  more  or  iefs  of  the 
eledtrical  fire,  than  its  common  fihare,  as  the  tin  tube  is 
electrified  pofitively,  or  negatively 3  and  when  very  dry, 
may  not  part  with  its  overplus,  or  have  its  deficiency  fup- 
plied  fo  fuddenly,  as  the  tin  5  but  may  continue  to  be  e- 
ledtrified,  after  that  has  been  touch’d  for  a  confiderable 
time, 

,  1 

EXPERIMENT  VIII. 

Having  made  the  Torricellian  vacuum  about  five  feet 
long,  after  the  manner  defcribed  in  the  Philofophical  Tranf- 
actions,  Vol.  xlvii.  p.  370.  if  the  excited  tube  be  brought 
within  a  fmall  diftance  of  it,  a  light  will  be  feen  through 
more  than  half  its  length  3  which  foon  vanishes,  if  the 

tube  be  not  brought  nearer  3  but  will  appear  again,  as  that  is 

/ 

moved  farther  off.  This  may  be  repeated  feveral  times, 
without  exciting  the  tube  afrefh. 

* 

This  experiment  may  be  confider’d  as  a  kind  of  ocular 
demonftration  of  the  truth  of  Mr  Franklin' s  hypothecs  > 
that  when  the  eledtrical  fluid  is  condenfed  on  one  fide  of 

?  j  *  *  a 

thin  glafs,  it  will  be  repelled  from  the  other,  if  it  meets 
with  no  refiftance.  According  to  which,  at  the  approach 
of  the  excited  tube,  the  fire  is  fuppofed  to  be  repelled  from 
the  infide  of  the  glafs  furrounding  the  vacuum,  and  to  be 

carried 


v 


1 50  Experiments  in  Electricity, 

carried  off  through  the  columns  of  mercury  ;  but,  as  the 
tube  is  withdrawn,  the  fire  is  fuppofed  to  return. 

EXPERIMENT  IX. 

Let  an  excited  flick  of  wax,  of  two  feet  and  an  half 
in  length,  and  about  an  inch  in  diameter,  be  held  near 
its  middle.  Excite  the  glafs  tube,  and  draw  it  over  one 
half  of  it ;  then,  turning  it  a  little  about  its  axis,  let  the 
tube  be  excited  again,  and  drawn  over  the  fame  half ;  and 
let  this  operation  be  repeated  feveral  times :  then  will  that 
half  deflroy  the  repelling  power  of  balls  electrified  by  glafs, 
and  the  other  half  will  increafe  it. 

By  this  experiment  it  appears,  that  wax  alfo  may  be  e- 
lectrified  pofitively  and  negatively.  And  it  is  probable, 
that  all  bodies  whatfoever  may  have  the  quantity  they 
contain  of  the  eledtrical  fluid,  increafed,  or  diminifhed. 
The  clouds,  I  have  obferved,  by  a  great  number  of  expe¬ 
riments,  to  be  fome  in  a  pofitive,  and  others  in  a  negative 
Bate  of  eledtrieity.  For  the  cork  balls,  eledtrified  by  them, 
will  fometimes  clofe  at  the  approach  of  excited  glafs  5  and 
at  other  times  be  feparated  to  a  greater  diflance.  And  this 
change  I  have  known  to  happen  five  or  fix  times  in  lefs 
than  half  an.  hour  ;  the  balls  coming  together  each  time 
and  remaining  in  contadl  a  few  feconds,  before  they  repel 
each  other  again.  It  maylikewife  eafily  be  difcover’d,  by 
a  charged  phial,  whether  the  eledtrical  fire  be  drawn  out 
of  the  apparatus  by  a  negative  cloud,  or  forced  into  it  by 

a  poll- 
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a  pofitive  one  :  and  by  which  foever  it  be  eledrified,  Qiould 
that  cloud  either  part  with  its  overplus,  or  have  its  defi¬ 
ciency  fupplied  fuddenly,  the  apparatus  will  lofe  its  ele&ri- 
eity  :  which  is  frequently  obferved  to  be  the  cafe,  imme¬ 
diately  after  a  flalh  of  lightning.  Yet  when  the  air  is  very 
ry,  the  apparatus  will  continue  to  be  eledrifed  for  ten 
minutes,  or  a  quarter  of  an  hour,  after  the  clouds  have 
paiied  the  zenith  ;  and  fometimes  till  they  appear  more 
than  half-way  towards  the  horizon.  Rain,  efpecially  when 
the  drops  are  large,  generally  brings  down  the  eledrical 
fire  :  and  hail,  in  fummer,  I  believe  never  fails.  When 
the  apparatus  was  lafl:  eledrified,  it  was  by  the  fall  of  thaw¬ 
ing  fnow,  which  happened  fo  lately,  as  on  the  12th  of 
November  ;  that  being  the  twenty-fixth  day,  and  fixty-firft 
time,  it  has  been  eledrified,  fince  it  was  firft  fet  up }  which 
was  about  the  middle  of  May.  And  as  Fahrenheit's  ther¬ 
mometer  was  but  feven  degrees  above  freezing,  it  is  fop- 
pofed  the  winter  will  not  intirely  put  a  flop  to  obfervations 
of  this  fort.  At  London ,  no  more  than  two  thunder- 
ftorms  have  happened  during  the  whole  fummer  j  and  the 
apparatus  was  fometimes  fo  ftrongly  eledrified  in  one  of 
them,  that  the  bells,  which  have  been  frequently  rung  by 
the  clouds,  fo  loud  as  to  be  heard  in  every  room  of  the 
houfe  (the  doors  being  open)  were  filenced  by  the  almofl 
conftant  ftream  of  denfe  eledrical  fire,  between  each  bell 
and  the  brafs  ball,  which  would  not  fuffer  it  to  ftrike. 

I  filial!  conclude  this  paper,  already  too  long,  with  the 
following  queries  : 


1 .  May 
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1.  May  not  air,  fuddenly  rarefied,  give  ete&ricat  fire  to, 
and  air  fuddenly  condenfed,  receive  eledrical  fire  from, 

clouds  and  vapours  paffing  through  it?  . 

2.  Is  not  the  aurora  borealis ,  the  fkfbing  of  eledncal 
fire  from  pofitive,  towards  negative  clouds  at  a  great  i  - 
tance,  through  the  upper  part  of  the  atmofphere,  where 

the  refinance  is  leaft?; 


V 


I 
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AS  Mr  Franklin ,  in  a  former  letter  to  Mr  Collin* 
fon ,  mentioned  his  intending  to  try  the  power 
of  a  very  ftrong  eledtrical  fhock  upon  a  turkey,, 
that  gentleman  accordingly  has  been  fo  very  obliging  as  to 
fend  an  account  of  it,  which  is  to  the  following  purpofe. 

He  made  firft  feveral  experiments  on  fowls,  and  found, 
that  two  large  thin  glafs  jars  gilt,  holding  each  about  fix 
gallons,  were  fufficient,  when  fully  charged,  to  kill  com¬ 
mon  hens  outright ;  but  the  turkeys, ,  though  thrown 
into  violent  convuliions,  and  then  lying  as  dead  for 
fome  minutes,  would  recover  in  lefs  than  a  quarter  of 
an  hour*  However,  having  added  three  other  fuch 
to  the  former  two,  though  not  fully  charged,  he  killed 
a  turkey,  of  about  ten  pounds  weight,  and  believes* 
that  the]/  would  have  killed  a  much  larger.  He  con¬ 
ceited,  as  himfelf  fays,  that  the  birds  kill’d  in  this  manner 
eatuncommonly  tender. 

In  making  thefe  experiments,  he  found,  that  a  man 
could,  without  great  detriment,  bear  a  much  greater  fhock 
than  he  had  imagined  :  for  he  inadvertently  received  the 
ftroke  of  two  of  thefe  jars  through  his  arms  and  body,  when, 
they  were  very  near  fully  charged.  It  feemed  to  him  an  , 
univerfal  blow  throughout  the  body  from  head  to  foot, 

and 
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and  was  followed  by  a  violent  quick  trembling  in  the  trunk5 
which  went  oft  gradually  in  a  few  feconds.  It  was  fome 
minutes  before  he  could  recoiled:  his  thoughts,  fo  as  to 
know  what  was  the  matter ;  for  he  did  not  fee  the  flafh, 
tho’  his  eye  was  on  the  fpot  of  the  prime-condudor,  from 
whence  it  (truck  the  back  of  his  hand  ;  nor  did  he  hear 
the  crack,  though  the  by-danders  faid  it  was  a  loud  one  ; 
nor  did  he  particularly  feel  the  droke  on  his  hand,  tho* 
he  afterwards  found  it  had  raifed  a  fwelling  there,  of  the 
bignefs  of  half  a  pidol- bullet.  Plis  arms  and  the 
back  of  the  neck  felt  fomewhat  numbed  the  remain¬ 
der  of  the  evening:,  and  his  bread  was  fore  for  a  week 
after,  as  if  it  had  been  bruifed.  From  this  experiment 
•may  be  feen  the  danger,  even  under  the  greateft  caution,  to 
the  operator,  when  making  thefe  experiments  with  large 
jars ;  for  it  is  not  to  be  doubted,  but  feveral  of  thefe  fully 
charged  would  as  certainly,  by  increafing  them,  in  propor¬ 
tion  to  the  fize,  kill  a  man,  as  they  before  did  a  turkey. 

N.B.  The  original  of  this  letter,  which  was  read  at  the 
Royal  Society,  has  been  miflaid. 


6 


) 


(  155  I 


ELECTRICAL  and  other  Philosophical 


PAPERS  and  LETTERS. 


Electrical  Experiments  made  in  Purfuance  of 
thofe  made  by  Mr  Canton,  dated  December  6, 

x  7  5  3  5  with  Explanations  ^  by  Mr  Benjamin  * 
Franklin. 

Philadelphia ,  March  14,  1755.' 


Principles. 


I.  irj\  LECTRIC  atmofpheres,  that  flow 
I75S*  jl  round  non-electric  bodies,  being 

«  brought  near  each  other,  do  not 
readily  mix  and  unite  into  one  atmofphere,  but  remain  fe- 
parate,  and  repel  each  other. 

This  is  plainly  feen  in  fufpended  cork  balls,  and  other 
bodies  electrified. 


II.  An  electric  atmofphere  not  only  repels  another  elec¬ 
tric  atmofphere,  but  will  alfo  repel  the  electric  matter  con¬ 
tained  in  the  fubftance  of  a  body  approaching  it ;  and 
without  joining  or  mixing  with  it,  force  it  to  other  parts  of 
the  body  that  contained  it. 


Y 
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This  is  fhewn  by  fome  of  the  following  experiments. 

III.  Bodies  electrified  negatively,  or  deprived  of  their 
natural  quantity  of  Electricity,  repel  each  other,  (or  at 
jeaft  appear  to  do  fo,  by  a  mutual  receding)  as  well  as 
thofe  eleClrified  pofitively,  or  which  have  eleCtric  atmo- 
fpheres. 

This  is  Ihewn  by  applying  the  negatively  charged  wire 
of  a  phial  to  two  cork  balls,  fufpended  by  lilk  threads,  and 
by  many  other  experiments. 

Preparation. 

Fix  a  taffel  of  fifteen  or  twenty  threads,  three  inches 
long  at  one  end,  of  a  tin  prime  conductor,  (mine  is  about 
five  feet  long,  and  four  inches  diameter)  fupported  by  filk 
lines. 

Let  the  threads  be  a  little  damp,  but  not  wet. 

EXPERIMENT  I. 

Pafs  an  excited  gfofs  'Tube  near  the  other  end  of  the  prime 

conductor,  fo  as  to  give  it  fane /parks,  and  the  threads  mil 

diverge. 

Becaufe  each  thread,  as  Well  as  the  prime-conduCtor, 
has  acquired  an  eleCtric  atmofphere,  which  repels  and  is  re¬ 
pelled  by  the  atmofpheres  of  the  other  threads :  if  thofe  fe- 
veral  atmofpheres  would  readily  mix,  the  threads  might 
unite,  and  hang  in  the  middle  of  one  atmofphere,  common 
to  them  all 


Rub 
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Hub  the  tube  afrejh,  and  approach  the  prime-csnduftor  there¬ 
with,  cr  of  sways,  near  that  end,  but  not  nigh  enough  to 
give  jp arks  j  and  the  threads  will  diverge  a  little  more, 

Becaufe  the  atmofphere  of  the  prime- conductor  is  pref- 
fed  by  the  atmofphere  of  the  excited  tube,  and  driven  to¬ 
wards  the  end  where  the  threads  are,  by  which  each  thread 
acquires  more  atmofphere. 

Withdraw  the  tube,  and  they  will  chfe  as  much, 

Th^y  clofe  as  much,  and  no  more  j  becaufe  the  atmo¬ 
fphere  of  the  glafs  tube  not  having  mixed  with  the  atmo- 
fphere  of  the  prime  conductor,  is  withdrawn  intire,  having 
made  no  addition  to,  or  diminution  from  it. 

Bring  the  excited  tube  under  the  tuft  of  threads,  and  they 
will  clofe  a  little. 

They  clofe,  becaufe  the  atmofphere  of  the  glafs  tube  re¬ 
pels  their  atmofpheres,  and  drives  part  of  them  back  on  the 
prime  condudtor. 

Withdraw  it,  and  they  will  diverge  as  much. 

For  the  portion  of  atmofphere  which  they  had  loft,  re¬ 
turns  to  them  again. 

EXPERIMENT  II. 

Excite  the  glafs  tube,  and  approach  the  prime  conductor  with 
it,  holding  it  acrofs,  near  the  end  oppofite  to  that  on  which 
the  threads  hang,  at  the  diftance  of  five  or  fix  inches. 
Keep  it  there  a  few  feconds,  and  the  threads  of  the  taf- 
fels  will  diverge.  Withdraw  it,  and  they  will  clofe. 

Y  2 
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They  diverge,  becaufe  they  have  received  eleClric  atmo^ 
fpheres  from  the  eleCtric  matter  before  contained  in  the  fub~ 
fiance  of  the  prime  conductor  ;  but  which  is  now  repelled 
and  driven  away,  by  the  atmofphere  of  the  glafs  tube,, 
from  the  parts  of  the  prime  conductor  oppofite  and  neareft 
to  that  atmofphere,  and  forced  out  upon  the  furface  of 
the  prime  conductor  at  its  other  end,  and  upon  the  threads^ 
hanging  thereto.  Were  it  any  part  of  the  atmofphere  ot 
the  glafs  tube  that  flowed  over  and  along  the  prime  con¬ 
ductor  to  the  threads,  and  gave  them  atmofpheres,  (as  is 
the  cafe  when  a  (park  is  given  to  the  prime  conductor  fiom 
the  glafs  tube)  fuch  part  of  the  tube’s  atmofphere  would 
have  remained,  and  the  threads  continue  to  diveige  ,  but 
they  clofe  on  withdrawing  the  tube,  becaufe  the  tube  takes 
with  it  dll  its  own  dtmofphere ,  and  the  eleCtric  matter,, 
which  had  been  driven  out  of  the  fubflance  of  the  piime 
conductor,  and  formed  atmofpneres  round  tne  threads,  is 
thereby  permitted  to  return  to  its  place. 

dke  d  [park  from  the  prime  conductor  ncdi  the  toreddsy 
when  they  dre  diverged  ds  beforey  dnd  they  will  clofe* 

For  by  fo  doing  they  take  away  their  atmofpheres,  com- 
pofed  of  the  eleCtric  matter  driven  out  of  the  fubflance  of 
the  prime  conductor,  as  afore  fa  id,  by  tne  repellency  of 
the  atmofphere  of  the  glafs  tube.  By  taking  this  fpark 
you  rob  the  prime  conductor  of  part  of  its  natural  quanti¬ 
ty  of  the  eleCtric  matter  $  which  part  lo  taken  is  not  flip- 

plied  by  the  glafs  tube,  for  when  that  is  afterwards  with-* 

drawn 
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drawn,  it  takes  with  it  its  whole  atmofphere,  and  leaves 
the  prime  conductor  eledtrifed  negatively,  as  appears  by 
the  next  operation. 

1 Then  withdraw  the  tube,  and  they  will  open  again. 

For  now  the  eledric  matter  in  the  prime  conductor,  re¬ 
turning  to  its  equilibrium,  or  equal  difFulion,  in  all  parts  of 
its  fubftance,  and  the  prime  conductor  having  loft  fome  of 
its  natural  quantity,  the  threads  connected  with  it  lofe  part 
of  theirs,  and  fo  are  elect  rifed  negatively,  and  therefore  repel 
each  other,  by  Pr.  III. 

Approach  the  prime  conductor  with  the  tube  near  the  fame 
place  as  at  firfi ,  and  they  will  clofe  again. 

Becaufe  the  part  of  their  natural  quantity  of  eledtric 
fluid,  which  they  had  loft,  is  now  reftored  to  them  again* 
by  the  repulfion  of  the  glafs  tube  forcing  that  fluid  to. 
them  from  other  parts  of  the  prime  conductor  ;  fo  they  are 
now  again  in  their  natural  ftate.  * 

Withdraw  it,  and  they  will  open  again.. 

For  what  had  been  reftored  to  them,  is  now  taken  from 
them  again,  flowing  back  into  the  prime  conductor,  and 
leaving  them  once  more  ele&rifed  negatively. 

Bring  the  excited  tube  under  the  threads ,  and  they  will  di¬ 
verge  more. 

Becaufe  more  of  their  natural  quantity  is  driven  from 
them  into  the  prime  conductor,  and  thereby  their  negative 
Ele&rieity  increafed. 

EX- 
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EXPERIMENT  III. 

The  prime  conductor  not  being  electrified,  bring  the  excited 
tube  under  the  tajfel,  and  the  threads  will  diverge . 

Part  of  their  natural  quantity  is  thereby  driven  out  of 
them  into  the  prime  condudtor,  and  they  become  negatively 
eledtrifed,  and  therefore  repel  each  other. 

Keeping  the  tube  in  the  fame  place  with  one  hand,  attempt 
to  touch  the  threads  with  the  finger  of  the  other  hand,  and 
they  will  recede  from  the  finger. 

Becaufe  the  finger  being  plunged  into  the  atmofphere  of 
the  glafs  tube,  as  well  as  the  threads,  part  of  its  natural 
quantity  is  driven  back  through  the  hand  and  body,  by 
that  atmofphere,  and  the  finger  becomes,  as  well  as  the 
threads,  negatively  eledtrifed,  and  fo  repels,  and  is  repelled 
by  them.  To  confirm  this,  hold  a  flender  light  lock  of 
cotton,  two  or  three  inches  long,  near  a  prime  condudtor 
that  is  eledtrified  by  a  glafs  globe,  or  tube.  You  will  fee 
the  cotton  ftretch  itfelf  out  towards  the  prime  condudtor. 
Attempt  to  touch  it  with  the  finger  of  the  other  hand,  and 
it  will  be  repelled  by  the  finger.  Approach  it  with  a  pofi. 
lively  charged  wire  of  a  bottle,  and  it  will  fly  to  the  wire. 
Bring  it  near  a  negatively  charged  wire  of  a  bottle,  it  will 
recede  from  that  wire  in  the  fame  manner  that  it  did  from 
the  finger  ;  which  demonftrates  the  finger  to  be  negatively 
eledtrifed,  as  well  as  the  lock  of  cotton  fo  fituated. 

Extradl 
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ExtraEl  of  a  Letter  concerning  EleSiricity ,  from. 

Mr  B.  Franklin,  to  Monf.  Dalibard,  at  Paris, 

inclofed  in  a  Letter  to  Mr  Peter  Collinfon 
F.R.S. 


Read  at  the  Royal 
Society,  Dec. 
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Philadelphia ,  June  29,  1755. 


YO  U  defire  my  opinion  of  Pere  Bec- 
carta  s  Italtan  book  .  I  have  read 


it  with  much  pleafure,  and  think  it  one  of  the  beft  pieces 
on  the  fubjefi  that  I  have  feen  in  any  language.  Yet  as  to 
the  article  of  water-fpouts,  I  am  not  at  prefent  of  his  fenti- 


ments ;  though  I  muft  own  with  you,  that  he  has  hand¬ 
led  it  very  ingenioufly.  Mr  Collinfon  has  my  opinion  of 
whirlwinds  and  water-fpouts  at  large,  written  fome  time 
fmce.  I  know  not  whether  they  will  be  publifhed  ;  ifnot„ 
I  will  get  them  tranfcribed  for  your  perufal.  It  does  not 
appear  to  me  that  Pere  Beccaria  doubts  of  the  abfolute  im¬ 
permeability  of  glafs  in  the  fenfe  I  meant  it ;  for  the  instan¬ 
ces  he  gives  of  holes  made  through  glafs  by  the  define 
ftroke,  are  fuch  as  we  have  all  experienced,  and  only  fhew 
that  the  define  fluid  could  not  pafs  without  making  a  hole. 
In  the  fame  manner  we  fay,  glafs  is  impermeable  to  water, 
and  yet  a  ftream  irom  a  fire-engine  will  force  through  the 
ftrongeft  panes  of  a  window.  As  to  the  effefi  of  points  in 


*  This  work  is  written  conformable  to  Mr  Franklin's  theory,  upon 
artificial  and  natuial  Electricity 5  which  compote  the  two  parts  of  it  It 
was  printed  in  Italians  Turin ,  in  4to.  1753;  between  the  two  parti  is  a 
letter  to  the  Abbe  Nollet,  in  defence  of  Mr  Franklin's  fyftem.  J.  B. 
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drawing  the  eledric  matter  from  clouds,  and  thereby  fe- 
curing  buildings,  8c.  which,  you  fay,  he  feems  to  doubt  I 
mull  own  I  think  he  only  fpeaks  modeflly  and  judicioufly. 

I  find  I  have  been  but  partly  underftood  in  that  matter. 

I  have  mentioned  it  in  leveral  of  my  letters,  and  except 
once,  always  in  the  alternative ,  viz.  that  pointed  rods  e- 
reded  on  buildings,  and  communicating  with  the  moift 
earth,  would  either  prevent  a  ftroke,  or,  if  not  prevented, 
would  conduSl  it,  fo  as  that  the  building  fljould  fuffer  no 
damage.  Yet  whenever  my  opinion  is  examined  in  Eu¬ 
rope,  nothing  is  confidered  but  the  probability  of  thofe  lods 
preventing  a  ftroke  or  explofion,  which  is  only  a  part  of 
the  ufe  I  propofed  for  them  ;  and  the  other  part,  their 
conduding  a  ftroke,  which  they  may  happen  not  to  pre¬ 
vent,  feems  to  be  totally  forgotten,  though  of  equal  impor¬ 
tance  and  advantage. 

I  thank  you  for  communicating  M.  de  Bufon’s  relation 

of  the  efted  of  lightning  at  Dijon,  on  the  7th  of  June  laft. 

In  return,  give  me  leave  to  relate  an  inftance  I  lately  faw 

of  the  fame  kind.  Being  in  the  town  of  Newbury  in  New- 

England,  in  November  laft,  I  was  Ihewn  the  efted  of 

lightning  on  their  church,  which  had  been  ftruck  a  few 

months  before.  The  fteeple  was  a  fquare  tower  of  wood, 

reaching  feventy  feet  up  from  the  ground  to  the.  place 

where  the  bell  hung,  over  which  rofe  a  taper  fpire,  of 

wood  likewife,  reaching  feventy  feet  higher,  to  the  vane 

of  the  weather- cock.  Near  the  bell  was  fixed  an  iron 

hammer  to  ftrike  the  hours ;  and  from  the  tail  of  the  ham- 

mer 
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mer  a  wire  went  down  through  a  fmall  gimlet-hole  in  the 
floor  that  the  bell  flood  upon,  and  through  a  fecond  floor 
in  like  manner  3  then  horizontally  under  and  near  the 
plaiftered  cieling  of  that  fecond  floor,  till  it  came  near  a 
plaiftered  wall  3  then  down  by  the  fide  of  that  wall  to  a 
clock,  which  flood  about  twenty  feet  below  the  bell.  The 

wire  was  not  bigger  than  a  common  knitting  needle. 
The  fpire  was  fplit  all  to  pieces  by  the  lightning,  and  the 
parts  flung  in  all  directions  over  the  fquare  in  which  the 
church  flood,  fo  that  nothing  remained  above  the  bell. 

The  lightning  pafied  between  the  hammer  and  the 
clock  in  the  above-mentioned  wire,  without  hurting  either 
of  the  floors,  or  having  any  effeCt  upon  them,  (except  mak¬ 
ing  the  gimlet-holes,  through  which  the  wire  pafled,  a  little 
bigger,)  and  without  hurting  the  plaiftered  wall,  or  any  part 
of  the  building,  fo  far  as  the  aforefaid  wire  and  the  pen¬ 
dulum  wire  of  the  clock  extended  3  which  latter 
wire  was  about  thethicknefs  of  a  goofe-quilh  From  the 
end  of  the  pendulum,  down  quite  to  the  ground,  the 
building  was  exceedingly  rent  and  damaged,  and  fome 
ftones  in  the  foundation-wall  torn  out,  and  thrown  to  the 
diftance  of  twenty  or  thirty  feet.  No  part  of  the  afore¬ 
mentioned  long  fmall  wire,  between  the  clock  and  the 
hammer,  could  be  found,  except  about  two  inches  that 
hung  to  the  tail  of  the  hammer,  and  about  as  much  that 
was  faftened  to  the  clock  3  the  reft  being  exploded,  and  its 
particles  diffipated  in  fmoke  and  air,  as  gunpowder  is  by 
common  fire,  and  had  only  left  a  black  firm  tty  track  on 
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the  plaidering,  three  or  four  inches  broad,  darked  in  the 
middle,  and  fainter  toward  the  edges,  all  along  the  deling, 
under  which  it  paffed,  and  down  the  wall.  Thefe  were 
the  effects  and  appearances ;  on  which  I  would  only  make 
the  few  following  remarks,  viz. 

1 .  That  lightning,  in  its  paffage  through  a  building,  will 
leave  wood  to  pafs  as  far  as  it  can  in  metal,  and  not  enter 
the  wood  again  till  the  conductor  of  metal  ceafes. 

And  the  fame  I  have  obferved  in  other  indances,  as  to 

walls  of  brick  or  done. 

2.  The  quantity  of  lightning  that  paffed  through  thia 
deeple  mud  have  been  very  great,  by  its  effedts  on  the 
lofty  fpire  above  the  bell,  and  on  the  fquare  tower  all  be¬ 
low  the  end  of  the  clock  pendulum. 

Great  as  this  quantity  was,  it  was  conduced 'by  a 
fmall  wire  and  a  clock  pendulum,  without  the  lead  da¬ 
mage  to  the  building  fo  far  as  they  extended. 

'pjje  pendulum  rod  being  of  a  fufficient  thicknefs, 
conducted  the  lightning  without  damage  to  itfelf;  but  the 
fmall  wire  was  utterly  dedroyed. 

r.  Though  the  fmall  wire  was  itfelf  dedroyed,  yet  it  had 

conducted  the  lightning  with  fafety  to  the  building. 

6,  And  from  the  whole  it  feems  probable,  that  if  even 
fuch  a  fmall  wire  had  been  extended  from  the  fpindle  of 
the  vane  to  the  earth,  before  the  dorm,  no  damage  would 
have  been  done  to  the  deeple  by  that  droke  of  lightning, 

though  tire  wire  itfelf  had  been  dedroyed. 
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L  E  T  T  E  R  XIII. 

T  O 

Peter  Collinson,  F.  R.  S.  at  London . 

Dear  Friend,  Philadelphia,  Nov.  23,  1753. 

IN  my  laft,  via  Virginia,  I  promifed  to  fend  yon  per 
next  (hip,  a  fmall  philofophical  pacquet :  But  now 
having  got  the  materials  (old  letters  and  rough  drafts) 
before  me,  I  fear  you  will  find  it  a  great  one.  Neverthe- 
lefs,  as  I  am  like  to  have  a  few  days  leifure  before  this 
(hip  fails,  which  I  may  not  have  again  in  a  long  time,  I 
{hall  tranfcribe  the  whole,  and  fend  it  j  for  you  will  be 
under  no  neceflity  of  reading  it  all  at  once,  but  may  take 
it  a  little  at  a  time,  now  and  then  of  a  winter  evening. 
When  you  happen  to  have  nothing  elfe  to  do  (if  that  ever 
happens,)  it  may  afford  you  fome  amufement  *. 

B.  F. 

*  Thefe  Letters  and  Papers  are  a  Philofophical  Correfpondence  between 
Mr  Franklin  and  fome  of  his  American  Friends.  Mr  Colhnfon  communis 
cated  them  to  the  Royal  Society,  where  they  were  read  at  different  meet¬ 
ings  during  the  year  1756.  But  Mr  Franklin  having  particularly  requefted 
that  they  might  not  be  printed,  none  of  them  were  inferted  in  the  Tranf- 
a&ions.  Mr  F.  had  at  that  time  an  intention  of  revifing  them,  and  pur- 
fuing  fome  of  the  enquiries  farther ;  but  finding  that  he  is  not  like  to  have 
fufficient  leifure,  he  has  at  length  been  induced,  imperfect  as  they  are,  .to 
permit  their  publication,  as  fome  of  the  hints  they  cOHtain  may  poflibly  be 
ufeful  to  others  in  their  philofophical  refearches. 
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ExtraSl  a  Letter  from  a  Gentleman  in 
Boston,  /0-Benjamin  Franklin,  Efq\  con¬ 
cerning  the  crooked.  Dirc£tion,  and  the  Source 
of  Lightning. 

$jr  Bofton,  Dec.  21,  1751* 

rr'HE  experiments  Mr  K.  has  exhibited  here,  have 
A  been  greatly  pleafmg  to  all  forts  of  people  that  have 
feen  them  ;  and  I  hope,  by  the  time  he  returns  to  Phila¬ 
delphia,  his  tour  this  way  will  turn  to  good  account.  His 
experiments  are  very  curious,  and  I  think  prove  moil  ef¬ 
fectually  your  doctrine  of  Electricity ;  that  it  is  a  real  ele¬ 
ment,  annexed  to,  and  diffufed  among  all  bodies  we  are 
acquainted  with ;  that  it  differs  in  nothing  from  lightning, 
the  effects  of  both  being  fimilar,  and  their  properties,  fo  far 

as  they  are  known,  the  fame,  &c. 

The  remarkable  effeCt  of  lightning  on  iron,  lately  difeo- 

vered,  in  giving  it  the  magnetic  virtue,  and  the  fame  effeCt 
produced  on  fmall  needles  by  the  eleCtrical  fire,  is  a  further 
and  convincing  proof  that  they  are  both  the  fame  element  5 
but,  which  is  very  unaccountable,  Mr  K.  tells  me,  it  is 
neceffary  to  produce  this  effeCt,  that  the  direction  of  the 
needle  and  the  eleCtric  fire  fhould  be  North  and  South  j 
from  either  to  the  other,  and  that  juft  fo  far  as  they  deviate 
therefrom,  the  magnetic  power  in  the  needle  is  lefs,  till 
their  direction  being  at  right  angles  with  the  North  and 

South,  the  effeCt  entirely  ceafes.  We  made  at  Faneml 

Hall, 
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Hall,  where  Mr  K—'s  apparatus  is,  feveral  experiments 
to  give  fome  fmall  needles  the  magnetic  virtue  ;  previoufly 
examining, 'by  putting  them  in  water,  on  which  they  will  be 
fupported,  whether  or  not  they  had  any  ol  that  virtue  ;  and 
I  think  we  found  all  of  them  to  have  fome  fmall  degree  of 
it,  their  points  turning  to  the  North:  We  had  nothing  to 
do  then  but  to  invert  the  poles,  which  accordingly  was 
done,  by  fending  through  them  the  charge  of  two  large 
glafs  jars ;  the  eye  of  the  needle  turning  to  the  North,  as 
the  point  before  had  done ;  that  end  of  the  needle  which 
the  fire  is  thrown  upon,  Mr  K.  tells  me  always  points  to 

the  North. 

The  eledrical  fire  paffing  'Trough  air  has  the  fame 
crooked  diredion  as  lightning.  *  This  appearance  I  endea¬ 
vour  to  account  for  thus.  Air  is  an  eiedric  per  fe,  there¬ 
fore  there  muft  be  a  mutual  repulsion  betwixt  air  and  the 
eledrical  fire.  A  column  or  cylinder  of  air  having  the 
diameter  of  its  bafe  equal  to  the  diameter  of  the  eledrical 
fpark,  intervenes  that  part  of  the  body  which  the  fpark  is 
taken  from,  and  of  the  body  it  aims  at.  The  fpark  ads 
upon  this  column,  and  is  aded  upon  by  it,  more  ftrongiy 
than  any  other  neighbouring  portion  of  air. 

The  column  being  thus  aded  upon,  becomes  more  denfe, 
and  being  more  denfe,  repels  the  fpark  more  ftrongiy;  its 
repellency  being  in  proportion  to  its  denfity :  Having  ac¬ 
quired,  by  being  condenfed,  a  degree  of  repellency  greater 
than  its  natural,  it  turns  the  fpark  out  of  its  ftrait  courfe ;  the 

neighbouring  air  which  muft  be  lefs  denle,  and  therefore 
*  Thisis  moll  eafily  obferved  in  large  ftrong  ft  arks  taken  at  fome  inches 
diftance.  *  ’  ’  *  *  *  - 
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has  a  fmaller  degree  of  repellency,  giving  it  a  more  ready 
paffage. 

The  fpark  having  taken  a  new  direction,  muft  now 
a£t  on,  or  moft  ftrongly  repel  the  column  of  air  which  lies 
in  that  direction,  and  confequently  muft  condenfe  that  co¬ 
lumn  in  the  fame  manner  as  the  former,  when  the  fpark 
muft  again  change  its  courfe,  which  courfe  will  be  thus  re¬ 
peatedly  changed,  till  the  fpark  reaches  the  body  that  at¬ 
tracted  it. 

To  this  account  one  objection  occurs ;  that  as  air  is  very 
fluid  and  elaftic,  and  fo  endeavours  to  diffufe  itfelf  equally, 
the  fuppofed  acccumulated  air  within  the  column  aforefaid, 
would  be  immediately  diffufed  among  the  contiguous  air, 
and  circulate  to  fill  the  fpace  it  was  driven  from  j  and 
confequently  that  the  faid  column,  on  the  greater  denfity 
of  which  the  phenomenon  is  fuppofed  to  depend,  would 
not  repel  the  fpark  more  ftrongly  than  the  neighbouring 

air. 

This  might  be  an  objection,  if  the  eleCtrical  fire  was  as 
fluggilh  and  inactive  as  air.  Air  takes  a  fenfible  time  to 
diffufe  itfelf  equally,  as  is  manifeft  from  winds  which 
often  blow  for  a  confiderable  time  together  from  the  fame 
point,  and  with  a  velocity  even  in  the  greateft  ftorms,  not 
exceeding,  as  it  is  faid,  fixty  miles  an  hour :  But  the  elec¬ 
tric  fire  feems  propagated  inftantaneoufly,  taking  up  no  per¬ 
ceptible  time  in  going  very  great  diftances.  It  muft  then 
be  an  inconceivably  fhort  time  in  its  progrefs  from  an  elec¬ 
trified  to  an  uneleCtrified  body,  which,  in  the  prefent  cafe, 

can  be  but  a  few  inches  apart :  But  this  fmall  portion  of 

.  time 
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time  is  not  lufficient  for  the  elafticity  of  the  air  to  exert 
itfelf,  and  therefore  the  column  aforefaid  mud  be  in  a 
denfer  ftate  than  its  neighbouring  air. 

About  the  velocity  of  the  eledtric  fire  more  is  faid  below, 
which  perhaps  may  more  fully  obviate  this  objection.  But 
let  us  have  recourfe  to  experiments.  Experiments  will 
obviate  all  objections,  or  confound  the  hypothefis.  The 
eledtric  fpark,  if  the  foregoing  be  true,  will  oafs  through  a 
vacuum  in  a  right  line.  To  try  this,  let  a  wire  be  fixed 
perpendicularly  on  the  plate  of  an  air  pump,  having  a  leaden 
ball  on  its  upper  end ;  let  another  wire  palling  through  the 
top  of  a  receiver,  have  on  each  end  a  leaden  ball  ;  let 
the  leaden  balls  within  the  receiver,  when  put  on  the  air 
pump,  be  within  two  or  three  inches  of  each  other  :  The 
receiver  being  exhaufted,  the  fpark  given  from  a  charged 
vial  to  the  upper  wire,  will  pafs  through  rarified  air,  near¬ 
ly  approaching  to  a  vacuum,  to  the  lower  wire,  and  I  fup- 
pofe  in  a  right  line,  or  nearly  fo ;  the  frnall  portion  of  air 
remaining  in  the  receiver,  which  cannot  be  entirely  ex¬ 
haufted,  may  pofiibly  caufe  it  to  deviate  a  little,  but  per¬ 
haps  not  fenfibly,  from  a  right  line.  The  fpark  alfo  might 
be  made  to  pafs  through  air  greatly  condenfed,  which  per¬ 
haps  would  give  a  ftill  more  crooked  diredtion.  I  have 
not  had  opportunity  to  make  any  experiments  of  this  fort, 
not  knowing  of  an  air-pump  nearer  than  Cambridge ,  but 
you  can  eafily  make  them.  If  thefe  experiments  anfwer, 
I  think  the  crooked  direction  of  lightning  will  be  alfo  ac¬ 
counted  for* 
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With  refpeft  to  your  Letters  on  Eleftricity,  *  ^  * 

&  *  *  *  *  *  %  *  *  ■  *  *  *.  Your  Hy¬ 

po  the  fis  in  particular  for  explaining  the  phenomena  of 
lightning  is  very  ingenious.  That  fome  clouds  are  highly 
charged  with  eleftrical  fire,  and  that  their  communicating 
it  to  thofe  that  have  lefs,  to  mountains  and  other  emi- 
nencies,  makes  it  viiible  and  audible,  when  it  is  denomina¬ 
ted  lightning  and  thunder,  is  highly  probable  :  But  that 
the  fea,  which  you  fuppofe  the  grand  fource  of  it,  can  col- 
left  it,  I  think  admits  of  a  doubt :  For  though  the  fea  be 
compofed  of  fait  and  water,  an  eleftric  per  fe  and  non- 
eleftric,  and  though  the  friftion  of  eleftrics  per  fe  and  non- 
eleftrics,  will  colleft  that  fire,  yet  it  is  only  under  certain 
circumftances,  which  water  will  not  admit.  For  it  fee  ms 
neceffary,  that  the  eleftrics  per  fe  and  non-eleftrics  rubbing 
one  another,  fhould  be  of  fuch  fubftances  as  will  not  adhere 
to,  or  incorporate  with  each  other.  Thus  a  glafs  or  ful- 
phur  fphere  turned  in  water,  and  fo  a  friftion  between 
them,  will  not  colleft  any  fire ;  nor,  I  fuppofe,  would  a 
fphere  of  fait  revolving  in  water ;  the  water  adhering  to, 
or  incorporating  with  thofe  eleftrics  pei  fe.  But  granting 
that  the  friftion  between  fait  and  water  would  colleft  the 
eleftrical  fire,  that  fire,  being  fo  extreamly  fubtil  and  aftive, 
would  be  immediately  communicated,  either  to  thofe  lower 
parts  of  the  fea  from  which  it  was  drawn,  and  fo  only  per¬ 
form  quick  revolutions ;  or  be  communicated  to  the  ad¬ 
jacent  ifiands  or  continent,  and  fo  be  dififufed  inflantane- 

oufly  through  the  general  mafs  of  the  earth.  I  fay  inftanta- 
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on  Philofophical  SubjeBs .  xyj 

neoufly,  for  the  greateft  diftances  we  can  conceive  within 
the  limits  of  our  globe,  even  that  of  the  two  moft  oppofite 
points,  it  will  take  no  fenfible  time  in  paffing  through : 
And  therefore  it  feems  a  little  difficult  to  conceive  how 
there  can  be  any  accumulation  of  the  eledirical  fire  upon 
the  furface  of  the  fea,  or  how  the  vapours  arifing  from  the 

fea,  ffiould  have  a  greater  fhare  of  that  fire  than  other  va¬ 
pours. 

That  tne  progrefs  of  the  eledirical  fire  is  fo  amazingly 
fvvift,  feems  evident  from  an  experiment  you  yourfelf 
(n°t  out  of  choice)  made,  when  two  or  three  large  glafs 
jais  were  difcharged  through  your  body.  You  neither 
heard  the  crack,  was  fenfible  of  the  ftroke,  nor,  which  is 
moro  extraordinary,  faw  the  light;  which  gave  you  juft 
reafon  to  conclude,  that  it  was  fwifter  than  found,  than 
animal  fenfation,  and  even  light  itfelf.  Now  light,  (as 
aftronomers  have  demonftrated)  is  about  fix  minutes  pah- 
ling  from  the  fun  to  the  earth ;  a  diftance,  they  fav,  of 
more  than  eighty  millions  of  miles.  The  greateft  re&i- 
linear  diftance  within  the  compafs  of  the  earth,  is  about 
eight  thoufand  miles,  equal  to  its  diameter.  Suppofing 
then,  that  the  velocity  of  the  eledtric  fire  be  the  fame  as 
that  of  light,  it  will  go  through  a  fpace  equal  to  the  earth's 
diameter  in  about  of  one  fecond  of  a  minute.  It  feems 

inconceivable  then,  that  it  fhould  be  accumulated  upon 
the  fea,  in  its  prefent  ftate,  which,  as  it  is  a  non-eledtric, 
muft  give  the  fire  an  inftantaneous  pafiage  to  the  neigh¬ 
bouring  fhores,  and  they  convey  it  to  the  general  mafs  of 
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the  earth.  But  fuch  accumulation  feems  ftili  more  incon¬ 
ceivable  when  the  eledtrical  fire  has  but  a  few  feet  depth  of 
water  to  penetrate,  to  return  to  the  place,  from  whence  it 
is  fuppofed  to  be  colledted. 

Your  thoughts  upon  thefe  remarks  I  fhall  receive  with 
a  great  deal  of  pleafure.  I  take  notice  that  in  the  printed 
copies  of  your  letters  feveral  things  are  wanting  which  are 
in  the  manufcript  you  fent  me.  I  underfhnd  by  your  fon, 
that  you  had  writ,  or  was  writing,  a  paper  on  the  effed 
of  the  eledrical  fire  on  loadftones,  needles,  &c.  which  I 
would  afk  the  favour  of  a  copy  of,  as  well  as  of  any  other 
papers  on  Eledricity,  written  iince  I  had  the  manufcript3 
for  which  I  repeat  my  obligations  to  you. 

1  am,  &c. 

J.  B. 
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LETTER  XIV. 


FROM 


Benj.  Franklin,  Efy,  of  Philadelphia . 


Philadelphia,  Jan.  24,  i752i 


£  7  2?, 


Read  at  the  Roy¬ 
al  Society  May 
27,  1756. 


I  A  M  glad  to  learn,  by  your  favour  of 
the  21ft  part,  that  Mr  Kinnerjley’% 
lectures  have  been  acceptable  to  the 
Gentlemen  of  Bojlon ,  and  are  like  to  prove  ferviceable  to 
himfelf. 

I  thank  you  for  the  countenance  and  encouragement  you 
have  fo  kindly  afforded  my  fellow-citizen. 

I  fend  you  enclofed  an  extract  of  a  letter  containing  the 
fubflance  of  what  I  obferved  concerning  the  communica¬ 
tion  of  magnetifm  to  needles  by  Electricity.  The  minutes 
I  took  at  the  time  of  the  experiments,  are  millaid.  I  am 
very  little  acquainted  with  the  nature  of  magnetifm.  Dr 
Gawin  Knight,  inventor  of  the  Iteel  magnets,  has  wrote 
largely  on  that  fubjeCt,  but  I  have  not  yet  had  leifure  to 
perufe  his  writings  with  the  attention  neceffary  to  become 
mailer  of  his  doCtrine. 

A  a  z  Your 
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Your  explication  of  the  crooked  direction  of  lightning, 
appears  to  me  both  ingenious  and  folid.  W^nen  we  can 
account  as  fatisfadorily  for  the  electrification  of  clouds,  I 
think  that  branch  of  Natural  Philofophy  will  be  nearly 
compleat. 

The  air,  undoubtedly,  obftru&s  the  motion  of  the  elec¬ 
tric  fluid.  Dry  air  prevents  the  diffipation  of  an  eleCtric 
atmofphere,-  the  denfer  the  more,  as  in  cold  weather.  I 
queftion  whether  fuch  an  atmofphere  can  be  letained  by  a 
body  m  vacuo,  A  common  eleCtrical  vial  requires  a  non 
eleCtric  communication  from  the  wire  to  every  part  of  the 
charged  glafs  ;  otherwife,  being  dry  and  clean,  and  filled 
with  air  only,  it  charges  flowly,  and  difcharges  gradually, 
by  fparks,  without  a  fhock  :  But,  exhaufted  of  air,  the 
communication  is  fo  open  and  free  between  the  inferted 
wire  and  furface  of  the  glafs,  that  it  charges  as  readily,  and 
(Pocks  as  fmartly  as  if  filled  with  water  :  And  I  doubt  not, 
but  that  in  the  experiment  you  propofe,  the  fparks  would 
not  only  be  near  ftrait  in  vacuo ,  but  ftrike  at  a  greater  dif- 
tance  than  in  the  open  air,  though  perhaps  there  would  not 
be  a  loud  explofion.  As  foon  as  I  have  a  little  leifure,  I 
will  make  the  experiment,  and  fend  you  the  relult. 

My  fuppofition  that  the  fea  might  poflibly  be  the  grand 
fource  of  lightning,  arofe  from  the  common  obfervation  of 
its  luminous  appearance  in  the  night,  on  the  lead  motion  j 
an  appearance  never  obferved  in  frefh  water ,  Then  X 
knew  that  the  eleCtric  fluid  may  be  pumped  up  out  of  the 
earth,  by  the  friction  of  a  glafs  globe,  on  a  non-eleCtric  cu- 

fliion  ; 


fhlon  $  and  that,  notwithftanding  the  furprizing  adtivity  and 
fwiftnefs  of  that  fluid,  and  the  non-eledric  communication 
between  all  parts  of  the  cufhion  and  the  earth5  yet  quanti¬ 
ties  would  be  fnatch-d  up  by  the  revolving  furface  of  the 
globe,  thrown  on  the  prime  condudtor,  and  diflipated  in 
air.  How  this  was  done,  and  why  that  fubtile  adtive  fpiiit 
did  not  immediately  return  again  from  the  globe,  into  fome 
part  or  other  of  the  cufhion,  and  fo  into  the  earth,  was  dif¬ 
ficult  to  conceive  ;  but  whether  from  its  being  oppofed  by 
a  current  fetting  upwards  to  the  cufhion,  or  from  whatever 
other  caufe,  that  it  did  not  fo  return  was  an  evident  fadb 
Then  1  confidered  the  feparate  particles  of  water  as  fo  ma¬ 
ny  hard  fpherules,  capable  of  touching  the  fait  only  in 
points,  and  imagined  a  particle  of  fait  could  therexore  no 
more  be  wet  by  a  particle  of  water,  than  a  globe  by  a  cu¬ 
fhion  ;  that  there  might  therefore  be  fuch  a  fridtion  between 
thefe  originally  conftituent  particles  of  fait  and  water,  as  in 
a  fea  of  globes  and  cufhions ;  that  each  particle  of  water  on 
the  furface  might  obtain  from  the  common  mafs,  fome 
particles  of  the  univerfally  diffufed,  much  finer,  and  more 
fubtil  eledtric  fluid,  and  forming  to  itfelf  an  atmofphere  of 
thofe  particles,  be  repelled  from  the  then  generally  eledri- 
fied  furface  of  the  fea,  and  fly  away  with  them  into  the  air. 
I  thought  too,  that  poffibly  the  great  mixture  of  particles 
eledtric  perfe ,  in  the  ocean  water,  might,  in  fome  degree, 
impede  the  fwift  motion  and  diffipation  of  the  eledtric  fluid 
through  it  to  the  fhores,  &c.— But  having  fince  found,  that 

fait  in  the  water  of  an  eledtric  vial,  does  not  leffen  the  fhock  ; 

and 
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and  having  endeavoured  in  vain  to  produce  that  luminous 
appearance  from  a  mixture  of  fait  and  water  agitated  $  and 
obferved,  that  even  the  fea- water  will  not  produce  it  after 
foine  hours  {landing  in  a  bottle  $  1  fufpedl  it  to  proceed 
from  fome  principle  yet  unknown  to  us  (which  I  would 
gladly  make  fome  experiments  to  difcover,  if  I  lived  near 
the  fea)  and  I  grow  more  doubtful  of  my  former  fuppofiti- 
on,  and  more  ready  to  allow  weight  to  that  objection 
(drawn  from  the  activity  of  the  eledlric  fluid,  and  the  rea- 
dinefs  of  water  to  condudl)  which  you  have  indeed  flated 
with  great  ftrength  and  clearnefs. 

In  the  mean  time,  before  we  part  with  this  hypothefis^ 
let  us  think  what  to  fubftitute  in  its  place.  I  have  fome- 
times  queried  whether  the  fridlion  of  the  air,  an  eledlric 
per  fe,  in  violent  winds,  among  trees,  and  againft  the  fur- 
face  of  the  earth,  might  not  pump  up,  as  fo  many  glafs 
globes,  quantities  of  the  eledlric  fluid,  which  the  rifing  va¬ 
pours  might  receive  from  the  air,  and  retain  in  the  clouds 
they  form  ?  on  which  I  fhould  be  glad  to  have  your  fenti- 
ments.  An  ingenious  friend  of  mine  fuppofes  the  land- 
clouds  more  likely  to  be  eledtrified  than  the  fea-clouds.  I 
fend  his  letter  for  your  perufal,  which  pleafe  to  return  me. 

I  have  wrote  nothing  lately  on  Bledlricity,  nor  obferved 
any  thing  new  that  is  material,  my  time  being  much  taken 
up  with  other  affairs.  Yefterday  I  difcharged  four  jars 
through  a  fine  wire,  tied  up  between  two  ftrips  of  glafs  : 
1  he  wire  was  in  part  melted,  and  the  reft  broke  into  fmall 
pieces,  from  half  an  inch  long,  to  half  a  quarter  of  an  inch. 

My 


My  globe  raifes  the  ele&ric  fire  with  greater  eafe,  in  much 
greater  quantities,  by  the  means  of  a  wire  extended  from 
the  cufhion,  to  the  iron  pin  of  a  pump  handle  behind  my 

houfe,  which  communicates  by  the  pump  fpear  with  the 
water  in  the  well. 

%  P°ft  I  fend  to  *  *  *  *,  who  is  curious  in  that 
way,  fome  meteorological  obfervations  and  conjectures, 
and  defire  him  to  communicate  them  to  you,  as  they  may 
afford  you  fome  amufement,  and  I  know  you  will  look  o- 
yei  them  with  a  candid  eye.  By  throwing  our  occafional 
thoughts  on  paper,  we  more  readily  difcover  the  defedts 
of  our  opinions,  or  we  digeft  them  better,  and  find  new 
arguments  to  fupport  them.  This  I  fometimes  practice  5 
but  fuch  pieces  are  fit  only  to  be  feen  by  friends. 

I  am,  See, 

B.  F. 


L  E  T- 
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From  J.  B.  Efq;  of  Bojlon , 

T  O 


Benjamin  Franklin,  Efq;  at  Philadelphia. 


A 


SIR, 


Read  at  the  Royal 
Society  June 

3>  J756- 


Bojlon ,  March  2,  1752/ 

Have  received  your  favour  of  the  24th 
of  January  paid,  inclofing  an  extract 
from  your  letter  to  Mr  Collinfon ,  and 


*  * ’s  letter  to  yourfelf,  which  I  have  read  with  a  great 
deal  of  pleafure,  and  am  much  obliged  to  you  for.  Your 
extraCt  confirms  a  correction  Mr  Kinnerjley  made  a  few 


days  ago,  of  a  miftake  I  was  under  refpecting  the  polarity 
given  to  needles  by  the  eleCtrical  fire,  <c  that  the  end  which 
cc  receives  the  fire  always  points  North $”  and,  that  the 
cc  needle  being  fituated  Eaft  and  Weft,  will  not  have  a  po« 
“  lar  direction.5’  You  find,  however,  the  polarity  ftrong- 
eft  when  the  needle  is  fhocked  lying  North  and  South , 


weakeft  when  lying  Eaft  and  Weft  ;  which  makes  it  pro¬ 
bable  that  the  communicated  magnetifm  is  lefs,  as  the  nee¬ 
dle 
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die  varies  from  a  North  and  South  fituation.  As  to  the 
needle  of  Capt.  Waddel's  compafs,  if  its  polarity  was  rever- 
fed  by  the  lightning,  the  effedt  of  lightning  and  Electricity, 
in  regard  of  that,  feems  diffimilar  ;  for  a  magnetic  needle 
in  a  North  and  South  fituation  (as  the  compafs  needle  was) 
inflead  of  having  its  power  reverfed,  or  even  diminifhed, 
would  have  it  confirmed  or  increafed  by  the  eledtric  fire. 
But  perhaps  the  lightning  communicated  to  fome  nails  in 
the  binnacle  (where  the  compafs  is  placed)  the  magnetic 
virtue,  which  might  difturb  the  compafs. 

This  I  have  heard  was  the  cafe  ^  if  fo,  the  Teeming  difli- 
milarity  vanilhes  :  But  this  remarkable  circumitance  (if  it 
took  place)  I  fhould  think  would  not  be  omitted  in  Capt, 
Waddel* s  account. 

I  am  very  much  pleafed  that  the  explication  I  fent  you* 
of  the  crooked  direction  of  lightning,  meets  with  your  ap¬ 
probation. 

As  to  your  fuppofition  about  the  fource  of  lightning,  the 
luminous  appearance  of  the  fea  in  the  night,  and  the  fimi-  1 
litude  between  the  fridtion  of  the  particles  of  fait  and  wa¬ 
ter,  as  you  confidered  them  in  their  original  feparate  ftate, 
and  the  fridtion  of  the  globe  and  eufhion,  very  naturally  led 
you  to  the  ocean,  as  the  graiid  fource  of  lightning  :  But  the 
activity  of  lightning,  or  the  eledtric  element,  and  the  fitnefs 
of  water  to  condudt  it,  together  with  the  experiments  you 
mention  of  fait  and  water,  feem  to  make  againfi:  it,  and  to 
prepare  the  way  for  fome  other  hypothefis.  Accordingly 
you  propofe  a  new  one,  which  is  very  curious,  and  not  fo 

^  b  liable. 
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liable,  I  think,  to  objedions  as  the  former,  liut  there  is 
not  as  yet,  I  believe,  a  fufficient  variety  of  experiments  to 
eftablifh  any  theory,  though  this  feems  the  moil  hopeful 
of  any  I  have  heard  of. 

The  effe£t  which  the  difcharge  of  your  four  glafs  jars 
had  upon  a  fine  wire,  tied  between  two  ftnps  of  glafs,  puts 
me  in  mind  of  a  very  fimilar  one  of  lightning,  that  I  ob- 
ferved  at  New -York,  October  1750,  a  few  days  after  I  left 
Philadelphia.  In  company  with  a  number  of  Gentlemen, 

I  went  to  take  a  view  of  the  city  from  the  Dutch  church 
fleeple,  in  which  is  a  clock  about  twenty  or  twenty-five 
feet  below  the  bell.  From  the  clock  went  a  wire  through 
two  floors,  to  the  clock-hammer  near  the  bell,  the  holes  in 
the  floor  for  the  wire  being  perhaps  about  a  quarter  of  ars 
inch  diameter.  We  were  told,  that  in  the  fpring  of  1750, 
the  lightning  ftruck  the  clock-hammer,  and  defcended  a- 
long  the  wire  to  the  clock,  melting  in  its  way  feveral  fpots 
of  the  wire,  from  three  to  nine  inches  long,  through  one- 
third  of  its  fubftance,  till  coming  within  a  few  feet  of  the 

m 

lower  end,  it  melted  the  wire  quite  through,  in  feveral  pla¬ 
ces,  fo  that  it  fell  down  in  feveral  pieces ;  which  fpots  and 
pieces  we  faw.  When  it  got  to  the  end  of  the  wire,  it 
flew  off  to  the  hinge  of  a  door,  fhattered  the  door,  and  dif- 
fipated.  In  its  paffage  through  the  holes  of  the  floors  it 
did  not  do  the  leaft  damage,  which  evidences  that  wire  is 
a  good  conductor  of  lightning  (as  it  is  of  Eledricity)  pro¬ 
vided  it  be  fubftantial  enough,  and  might,  in  this  cafe,  had 

it 
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it  been  continued  to  the  earthy  have  conduced  it  without 
damaging  the  building  *. 

Your  information  about  your  globe’s  railing  the  ele&ric 
lire  in  greater  quantities3  by  means  of  a  wire  extended  from 
the  cufhion  to  the  earth,  will  enable  me,  I  hope,  to  re¬ 
medy  a  great  inconvenience  I  have  been  under,  to  coiled: 
the  fire  with  the  eledtrifying  glafs  I  ufe,  which  is  fixed  in  a 
very  dry  room,  three  flories  from  the  ground.  When  you 
fend  your  meteorological  obfervations  to  *  *  *  *,  I  hope 
I  fhall  have  the  pleafure  of  feeing  them. 

1  amy  &c. 

J.  B. 


*  The  wire  mentioned  in  this  account  was  re-placed  by  a  fmall  brafs 
'  chain.  In  the  fummer  of  1763,  the  lightning  again  ftruck  that  fteeple^ 
and  from  the  clock -hammer  near  the  bell,  it  purfued  the  chain  as  it  had  be¬ 
fore  done  the  wire,  went  off  to  the  fame  hinge,  and  again  fhattered  the 
fame  door.  In  its  paflage  through  the  fame  holes  of  the  fame  floors,  it  did 
no  damage  to  the  floors,  nor  to  the  building  during  the  whole  extent  of  the 
chain.  But  the  chain  itfelf  was  deftroyed,  being  partly  fcattered  about  in 
fragments  of  two  or  three  links  melted  andftuck  together,  and  partly  blown 
up  or  reduced  to  fmoke,  and  diflipated. —  [See  an  account  of  the  fame  efFecSt 
of  lightning  on  a  wire  at  Newbury ,  p.  163.]  The  fteeple,  when  repair'd, 
was  guarded  by  an  iron  conductor,  or  rod,  extending  from  the  foot  of  the 
vane-fpindle  down  the  outfide  of  the  building,  into  the  earth.-— The  news¬ 
papers  have  mentioned,,  that  in  1765,  the  lightning  fell  a  third  time  on  the 
fame  fteeple,  and  was  fafely  conducted  by  the  rod  $  but  the  particulars  are 
not  come  to  hand. 
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Phyjical  and  Meteorological  Obfervations ,  Con¬ 
jectures }  and  Suppositions  ;  by  B.  F. 


HE  particles  of  air  are  kept  at  a  dis¬ 
tance  from  each  other  by  their  mu¬ 
tual  repulfion. 


Every  three  particles,  mutually  and  equally  repelling  each 

other,  muft  form  an  equilateral  triangle. 

All  the  particles  of  air  gravitate  towards  the  earth,  which 
gravitation  compreftes  them,  and  fhortens  the  fid es  of  the 
triangles,  otherwife  their  mutual  repeliency  would  force 
them  to  greater  diftances  from  each  other. 

Whatever  particles  of  other  matter,  (not  endued  with 
that  repeliency)  are  fupported  in  air,  muft  adhere  to  the 
particles  of  air,  and  be  fupported  by  them  ;  foi  in  the  va¬ 
cancies  there  is  nothing  they  can  reft  on. 

Air  and  water  mutually  attradt  each  other.  Hence  water 

will  diffolve  in  air,  as  fait  in  water. 

The  fpecific  gravity  of  matter  is  not  altered  by  dividing 
the  matter,  though  the  fuperficies  be  increafed.  Sixteen 
leaden  bullets,  of  an  ounce  each,  weigh  as  much  in  water 
as  one  of  a  pound,  whole  fuperficies  is  lefs. 

Therefore  the  fupporting  of  fait  in  water  is  not  owing 

to  its  fuperficies  being  increafed. 

A  lump  of  fait,  tho’  laid  at  reft  at  the  bottom  of  a  vef- 
fel  of  water,  will  diffolve  therein,  and  its  parts  move  every 
way,  till  equally  diffufed  in  the  water  ;  therefore  there  is 


a  mu- 
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a  mutual  attra&ion  between  water  and  fait.  Every  parti¬ 
cle  of  water  aflumes  as  many  of  fait  as  can  adhere  to  it ; 
when  more  is  added,  it  precipitates,  and  will  not  remain  ful- 
pended. 

Water,  in  the  fame  manner,  will  diflolve  in  air,  every 
particle  of  air  a  fuming  one  or  more  particles  of  water. 
When  too  much  is  added,  it  precipitates  in  rain. 

But  there  not  being  the  fame  contiguity  between  the 
particles  of  air  as  of  water,  the  folution  of  water  in  air  is 
not  carried  on  without  a  motion  of  the  air,  fo  as  to  caufe  a 
frefh  acceffion  of  dry  particles. 

Part  of  a  fluid,  having  more  of  what  it  difl'olves,  will  com¬ 
municate  to  other  parts  that  have  lefs.  Thus  very  lalt  water 
coming  in  contact  with  frefh,  communicates  its  fldtnefs  till 
all  is  equal,  and  the  fooner  if  there  is  a  little  motion  of 
the  water. 

Even  earth  will  diflblve,  or  mix  with  air.  A  flroke 
of  a  horfe’s  hoof  on  the  ground,  in  a  hot  dufly  road, 
will  raife  a  cloud  of  dull,  that  fhall,  if  there  be  a  light 
breeze,  expand  every  way,  till,  perhaps,  near  as  big  as  a 
common  houfe.  It  is  not  by  mechanical  motion  commu¬ 
nicated  to  the  particles  of  dufl  by  the  hoof,  that  they  fly  fo 
far,  nor  by  the  wind  that  they  fpread  fo  wide  :  But  the  air 
near  the  ground,  more  heated  by  the  hot  dufl  ftruck  into  it, 
is  rarified  and  rifes,  and  in  rifing  mixes  with  the  cooler  air, 
and  communicates  of  its  dufl  to  it,  and  it  is  at  length  fo 
diffufed  as  to  become  inviflble.  Quantities  of  dufl  are  thus 
carried  up  in  dry  feafons :  Showers  wafh  it  from  the  air, 

and 
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and  bring  it  down  again.  For  water  attracting  it  ftronger, 
it  quits  the  air,  and  adheres  to  the  water.' 

Air  fuffering  continual  changes  in  the  degrees  of  its  heat, 
from  various  caufes  and  circumftances,  and,  confequently, 
changes  in  its  fpeciSc  gravity,  mu  ft  therefore  be  in  conti¬ 
nual  motion. 

A  frnall  quantity  of  fire  mixed  with  water  (or  degree  of 
heat  therein)  fo  weakens  the  cohefion  of  its  particles,  that 
thofe  on  the  furface  ealily  quit  it,  and  adhere  to  the  particles 
of  air. 

A  greater  degree  of  heat  is  required  to  break  the  cohefion 
between  water  and  air. 

Air  moderately  heated,  will  fupport  a  greater  quantity 
of  water  invifibly  than  cold  air  ;  for  its  particles  being  by 
heat  repelled  to  a  greater  diftance  from  each  other,  thereby 
more  eafily  keep  the  particles  of  water  that  are  annexed  to 
them  from  running  into  cohefions  that  would  obftrud,  re¬ 
fract,  or  reflect  the  light. 

Hence  when  we  breathe  in  warm  air,  though  the  fame 
quantity  of  moifture  may  be  taken  up  from  the  lungs,  as 
when  we  breathe  in  cold  air,  yet  that  moifture  is  not  fo 
vifible. 

Water  being  extremely  heated,  /.  e,  to  the  degree  of 
boiling,  its  particles  in  quitting  it  fo  repel  each  other,  as  to 
take  up  vaftly  more  fpace  than  before,  and  by  that  repel- 
lency  fupport  themfelves,  expelling  the  air  from  the  fpace 
they  occupy.  That  degree  of  heat  being  leffened,  they  a- 
gain.  mutually  attrad,  and  having  no  air-particles  mixed  to 

ad- 
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adhere  to,  by  which  they  might  be  fupported  and  kept  at  a 
diftance,  they  inftantly  fall,  coalefce,  and  become  water  a- 
gain. 

The  water  commonly  diffus'd  in  our  atmofphere,  never 
receives  fuch  a  degree  of  heat  from  the  fun,  or  other  caufe, 
as  water  has  when  boiling ;  it  is  not,  therefore,  fupported 
by  fuch  heat,,  but  by  adhering  to  air. 

Water  being  diffolv’d  in,  and  adhering  to  air,  that  air 
will  not  readily  take  up  oil,  becaufe  of  the  mutual  repellency 
between  water  and  oil. 

Hence  cold  oils  evaporate  but  {lowly,  the  air  having  ge¬ 
nerally  a  quantity  of  diffolved  wTater. 

Oil  being  heated  extremely,  the  air  that  approaches  its 
furface  will  be  alfo  heated  extremely  ;  the  water  then 
quitting  it,  it  will  attract  and  carry  off  oil,  which  can  now 
adhere  to  it.  Hence  the  quick  evaporation  of  oil  heated  to 
a  great  degree. 

Oil  being  diffolved  in  air,  the  particles  to  which  it  ad¬ 
heres  will  not  take  up  water. 

Hence  the  fuffocating  nature  of  air  impregnated  with 
burnt  greafe,  as  from  fnuffs  of  candles,  and  the  like.  A 
certain  quantity  of  moifture  fhould  be  every  moment  dif-» 
charged  and  taken  away  from  the  lungs  ;  air  that  has  been 
frequently  breath’d,  is  already  overloaded,  and,  for  that 
reafon,  can  take  no  more,  fo  will  not  anfwer  the  end. 
Greafy  air  refufes  to  touch  it.  In  both  cafes  fuffocation 
for  want  of  the  difcharge. 

Air  will  attradl  and  fupport  many  other  fubftances. 

A  par- 
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A  particle  "of  air  loaded  with  adhering  water,  or  any 
any  other  matter,  is  heavier  than  before,  and  would  delcend. 

The  atmofphere  fuppofed  at  reft,  a  loaded  defcending 
particle  muft  aft  with  a  force  on  the  particles  it  paffes  be¬ 
tween,  or  meets  with,  fufticient  to  overcome,  in  feme  de¬ 
gree,  their  mutual  repellency,  and  pufh  them  nearer  to 
each  other. 

a  Thus,  fuppofing  the  particles  A  BCD,  and 

^  ^  the  others  near  them,  to  be  at  the  diftance 

F  B  C  G 

O  O  O  O  caufed  by  their  mutual  repellency  (confin’d 
O  O  O  by  their  common  gravity)  if  A  would  de- 

D0  q  feend  to  E,  it  muft  pafs  between  B  and  C  ; 

E  when  it  comes  between  B  and  C  it  will  be 

nearer  to  them  than  before,  and  muft  either  have  pufli  d 
them  nearer  to  F  and  G,  contrary  to  their  mutual  repellen¬ 
cy,  or  pais  through  by  a  force  exceeding  its  repellency  with 
them.  It  then  approaches  D,  and,  to  move  it  out  of  the 
way,  muft  aft  on  it  with  a  force  fufticient  to  overcome  its 
repellency  with  the  two  next  lower  particles,  by  which  it 
is  kept  in  its  prefent  lituation. 

Every  particle  of  air,  therefore,  will  bear  any  load  infe¬ 
rior  to  the  force  of  thefe  repulfions. 

ft 

Hence  the  fupport  of  fogs,  mifts,  clouds. 

Very  warm  air,  clear,  though  fupporting  a  very  great 
quantity  of  moifture,  will  grow  turbid  and  cloudy  on  the 
mixture  of  a  colder  air,  as  foggy  turbid  air  will  grow 
clear  by  warming. 

Thus 


Thus  the  fun  Aiming  on  a  morning  fog,  diffipates  it  ; 
tlouds  are  feen  to  wafte  in  a  fun-fhiny  day. 

But  cold  condenfes  and  renders  vifible  the  vapour ;  a 
tankard  or  decanter  filled  with  cold  water,  will  condenfe 
the  moifiure  of  warm  clear  air  on  its  outfide,  where  it  be¬ 
comes  vifible  as  dew,  coalefces  into  drops,  defcends  in  little 
ftreams. 

The  fun  heats  the  air  of  our  atmofphere  mod:  near  the 
furface  of  the  earth  j  for  there,  befides  the  diredlrays,  there 
are  many  reflections.  Moreover,  the  earth  itfelf  being 
heated,  communicates  of  its  heat  to  the  neighbouring  air* 

The  higher  regions  having  only  the  diredt  rays  of  the 
fun  pafiing  through  them,  are  comparatively  very  cold. 
Hence  the  cold  air  on  the  tops  of  mountains,  and  fnow  on 

fome  of  them  all  the  year,  even  in  the  Torrid  zone.  Hence 
hail  in  fummer. 

If  the  atmofphere  were,  all  of  it  (both  above  and  below) 
always  of  the  fame  temper  as  to  cold  or  heat,  then  the  up¬ 
per  air  would  always  be  rarer  than  the  lower,  becaufe  the 

pre fiure  on  it  is  lefs  •  confequently  lighter,  and  therefore 
would  keep  its  place. 

But  the  upper  air  may  be  more  condenfed  by  cold  than 
the  lower  air  by  preffure  5  the  lower  more  expanded  by 
heat,  than  the  upper  for  want  of  preffure.  In  fuch  cafe  the 
upper  air  will  become  the  heavier,  the  lower  the  lighter. 

The  lower  region  of  air  being  heated  and  expanded, 
heaves  up,  and  fupports  for  fome  time  the  colder  heavier 
air  above,  and  will  continue  to  fupport  it  while  the  equili- 

^  c  librium' 
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brium  is  kept.  Thus  water  is  fupported  in  an  inverted  o- 
pen  glafs,  while  the  equilibrium  is  maintained  by  the  equal 
preffure  upwards  of  the  air  belovv  ;  but  the  equilibrium  by 
any  means  breaking,  the  water  ueicends  on  the  heavier  fide, 

and  the  air  rifes  into  its  place. 

The  lifted  heavy  cold  air  over  a  heated  country,  becom¬ 
ing  by  any  means  unequally  fupported,  or  unequal  in  its 
weight,  the  heavieft  part  defcends  firft,  and  the  reft  follows 
impetuoufly.  Hence  gufts  after  heats,  and  hurricanes  in 
hot  climates.  Hence  the  air  of  gufts  and  huriicanes  coid, 
though  in  hot  climes  and  feafons  3  it  coming  from  above. 

The  cold  air  defcending  from  above,  as  it  penetrates  our 
warm  region  full  of  watry  particles,  condeofes  them,  ren^ 
ders  them  vifible,  forms  a  cloud  thick  and  dark,  overcaft- 
Ing  fometimes,  at  once,  large  and  extend ve  ;  lometimeb, 
when  feen  at  a  diftance,  fmall  at  firft,  gradually  incieafing  $ 
the  cold  edge,  or  furface,  of  the  cloud,  condenfing  the  va¬ 
pours  next  it,  which  form  fmallei  clouds  that  join  it,  in- 
ereafe  its  bulk,  it  defcends  with  the  wind  and  its  acquired 
weight,  draws  nearer  the  earth,  grows  denfer  with  conti¬ 
nual  additions  of  water,  and  difcharges  heavy  fhowers. 

Small  black  clouds  thus  appearing  in  a  clear  iky,  in  h&t 
climates,  portend  ftorms,  and  warn  teamen  to  hand  their 

fails. 

The  earth  turning  on  its  axis  in  about  twenty-fours,  the 
equatorial  parts  mult  move  about  fifteen  miles  in  each  mi¬ 
nute  y  in  Northern  and  Southern  latituoes  this  motion  is 
gradually  lefts  to  the  Poles,  and  there  nothing. 


If 
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If  there  was  a  general  calm  over  the  face  of  the  globe,  it 
mud  be  by  the  air’s  moving  in  every  part  as  faft  as  the 
earth  orfea  it  covers. 

He  that  fails,  or  rides,  has  infenilbly  the  fame  degree  of 
motion  as  the  fhip  or  coach  with  which  he  is  connected* 
If  the  fhip  ftrikes  the  fhore,  or  the  coach  flops  fuddenly, 
the  motion  continuing  in  the  man,  he  is  thrown  forward. 
If  a  man  were  to  jump  from  the  land  into  a  fwift  failing 
fhip,  he  would  be  thrown  backward  (or  towards  the  ftern) 
not  having  at  firft  the  motion  of  the  fhip. 

He  that  travels,  by  fea  or  land,  towards  the  equinoctial, 
gradually  acquires  motion  ;  from  it,  lofes. 

But  if  a  man  were  taken  up  from  latitude  40  (where 
fuppofe  the  earth’s  furface  to  move  twelve  miles  per  mi¬ 
nute)  and  immediately  fet  down  at  the  equinoctial,  without 
changing  the  motion  he  had,  his  heels  would  be  ftruck  up, 
he  would  fall  weftward.  If  taken  up  from  the  equinocti¬ 
al,  and  fet  down  in  latitude  40,  he  would  fall  eaftward. 

The  air  under  the  equator,  and  between  the  tropics,  be- 
Ing  conftantly  heated  and  rarified  by  the  fun,  rifes.  Its 
place  is  fupplied  by  air  from  Northern  and  Southern  latl~ 
tudes,  which  coming  from  parts  where  the  earth  and  air 
had  lefs  motion,  and  not  fuddenly  acquiring  the  quicker 
motion  of  the  equatorial  earth,  appears  an  Eaft  wind  blow¬ 
ing  Weftward  $  the  earth  moving  from  Weft  to  Eaft,  and 
flipping  under  the  air. 

Thus,  when  we  ride  in  a  calm,  it  feems  a  wind  againft 
us  :  If  we  ride  with  the  wind,  and  fafter,  even  that  will 
f$em  a  fmall  wind  againft  us. 
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The  air  rarified  between  the  Tropics,  and  rifing,  muft 
flow  in  the  higher  region  North  and  South.  Before  it  rofe, 
it  had  acquired  the  greateft  motion  the  earth’s  rotation 
could  give  it.  It  retains  fome  degree  of  this  motion,  and 
descending  in  higher  latitudes,  where  the  earth’s  motion  i3  0 
lefs,  will  appear  a  Wefterly  wind,  yet  tending  towards  the 
equatorial  parts,  to  Supply  the  vacancy  occafioned  by  the 
air  of  the  lower  regions  flowing  thitherwards. 

Hence  our  general  cold  winds  are  about  North-Weft, 
our  Summer  cold  gufts  the  fame. 

The  air  in  fultry  weather,  though  not  cloudy,  has  a  kind 
of  hazinefs  in  it,  which  makes  objedts  at  a  diftance  appear 
dull  and  indiftindt.  This  hazinefs  is  occafioned  by  the 
great  quantity  of  moifture  equally  diffufed  in  that  air. 
When,  by  the  cold  wind  blowing  down  among  it,  it  is  con- 
denfed  into  clouds,  and  falls  in  rain,  the  air  becomes  purer 

and  clearer.  Hence,  after  gufts,  diftant  objedts  appear  dif- 
tindt,  their  figures  Sharply  terminated. 

Extream  cold  winds  congeal  the  Surface  of  the  earth  - 
by  carrying  off  its  fire.  Warm  winds  afterwards  blowing 
over  that  frozen  Surface,  will  be  chilled  by  it.  Could  that 
frozen  furface  be  turned  under,  and  a  warmer  turned  up 

from  beneath  it,  thofe  warm  winds  would  not  be  chilled 
fo  much. 

The  furface  of  the  earth  is  alfo  Sometimes  much  heated 
by  the  fun ;  and  Inch  heated  furface  not  being  changed, 
heats  the  air  that  moves  over  it. 

Seas,  lakes,  and  great  bodies  of  water,  agitated  by  the 

winds,  continually  change  Surfaces  3  the  cold  furface  in 


win- 
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winter  is  turned  under,  by  the  rolling  of  the  waves,  and  a 
warmer  turned  up  $  in  fummer,  the  warm  is  turned  under* 
and  colder  turned  up.  Hence  the  more  equal  temper  of 
iea-water,  and  the  air  over  it.  Hence,  in  winter,  winds  from 
the  xea  feem  warm,  winds  from  the  land  cold.  In  fummer 
the  contrary. 

Therefore  the  lakes  North- We  ft  of  us*,  as  they  are  not 
fo  much  frozen,  nor  fo  apt  to  freeze  as  the  earth,  rather 
moderate  than  increate  the  coldnefs  of  our  winter  winds. 

The  air  over  tne  fea  being  warmer,  and  therefore  lis'ht** 
er  in  winter  than  the  air  over  the  frozen  land,  may  be  ano¬ 
ther  caufe  of  our  general  N.  W..  winds,  which  blow  off  to 
fea  at  right  angles  from  our  North- American  coaft.  The 
warm  light  lea  air  riling,  the  heavy  cold  land  air  preffing 
into  its  place. 

Heavy  fluids  defending,  frequently  form  eddies,  or 
whirlpools*,  as  is  feen  in  a*  funnel,  where  the  water  acquires’ 
a  circular  motion,  receding  every  way  from  a  center,  and 
leaving  a  vacancy  in  the  middle,  greateft  above,  and  lef- 
fening  downwards,  like  a  fpeaking  trumpet,  its  big  end 
upwards. 

Air  defcending,  or  afcending,  may  form  the  fame  kind  of 
eddies,  or  whirlings,  the  parts  of  air  acquiring  a  circular 
motion,  and  receding  from  the  middle  of  the  circle  by  & 
centrifugal  force,  and  leaving  there  a  vacancy ;  if  defcend¬ 
ing;  greateft  above,  and  leffening  downwards  5  if  afcending,, 
greateft  below,  and  leffening  upwards;  like  a  fpeaking  tr-um* 
pet  Handing  its  big  end  on  the  ground. 

When 
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When  the  air  defcends  with  violence  in  fame  places,  it 
may  rife  with  equal  violence  in  others,  and  form  both  kinds 
of  whirlwinds. 

The  air  in  its  whirling  motion  receding  every  way  from 
the  center  or  axis  of  the  trumpet,  leaves  there  a  vacuum  ; 
which  cannot  be  filled  through  the  fides,  the  whirling  air, 
as  an  arch,  preventing  ;  it  mull  then  prefs  in  at  tne  open 

ends. 

The  greatefi:  preflure  inwards  mull  be  at  the  lower  end,- 
the  greatefi;  weight  of  the  furrounding  atmofphere  being 
there.  The  air  entering,  rifes  within,  and  carries  up  duft, 
leaves,  and  even  heavier  bodies  that  happen  in  its  way,  as 

the  eddy,  or  whirl,  paiTes  over  land. 

If  it  paflfes  over  water,  the  weight  of  the  furrounding  at¬ 
mofphere  forces  up  the  water  into  the  vacuity,  part  of 
which,  by  degrees,  joins  with  the  whirling  air,  and  adding 
weight,  and  receiving  accelerated  motion,  recedes  ftill  far¬ 
ther  from  the  center  or  axis  of  the  trump,  as  the  preffure  lef- 
fens ;  and  at  laft,  as  the  trump  widens^  is  broken  into  fmall 
particles,  and  fo  united  with  air  as  to  be  fupported  by  it, 
and  become  black  clouds  at  the  top  of  the  trump. 

Thus  thefe  eddies  may  be  whirlwinds  at  land,  water- 
fpouts  at  fea.  A  body  of  water  fo  railed  may  be  fuddenly 
let  fall,  when  the  motion,  &c.  has  not  ftrength  to  fupport 
it,  or  the  whirling  arch  is  broken  fo  as  to  let  in  the  air  • 
falling  in  the  fea,  it  is  harmlefs,  unlefs  (hips  happen  under 
it.  But  if  in  the  progreffive  motion  of  the  whirl,  it  has 
moved  from  the  fea,  over  the  land,  and  there  breaks,  hid¬ 
den,  violent,  and  mifchievous  torrents  are  the  confequences. 

LET- 
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From  Dr  *  *  *  of  Bojion , 


T  O 


Benj.  Franklin,  of  Philadelphia. 


Boflon ,  Aug.  3,  1752. 


SIR 


HIS  comes  to  you  on  account  of  Dr  Douglafs  : 


1  He  defired  me  to  write  to  you  for  what  you  know 
of  the  number  that  died  of  the  inoculation  in  Philadelphia, 
telling  me  he  defigned  to  write  fomething  on  the  fmall- 
pox  fhortly.  We  lhall  both  be  obliged  to  you  for  a  word 
on  this  affair. 

The  chief  particulars  of  our  vifitation,  you  have  in  the 
public  prints.  But  the  lefs  degree  of  mortality  than  ufual 
in  the  common  way  of  infection,  feems  chiefly  owing  to 
the  purging  method  defigned  to  prevent  the  fecondary  fe¬ 
ver  ;  a  method  firft  begun  and  carried  on  in  this  town,  and 
with  fuccefs  beyond  expedation.  We  loft  one  in  1 1  i,  but 
had  we  been  experienced  in  this  way,  at  the  firft  coming  of 
the  diftemper,  probably  the  proportion  had  been  but  one 
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in  13  or  14.  In  the  year  1730  we  loft  one  in  nine,  which 
is  more  favourable  than  ever  before  with  us.  The  diftem- 
per  pretty  much  the  fame  then  as  now,  but  fome  circum- 
fiances  not  fo  kind  this  time. 

If  there  be  any  particulars  which  you  want  to  know, 
pleafe  to  fignify  what  they  are,  and  I  fhall  fend  them. 

The  number  of  our  inhabitants  decreafes^.  On  a  ftricft 
inquiry,  the  overfeers  of  the  poor  find  but  14,190  Whites, 
and  1,544  Blacks,  including  thofe  abfent,  on  account  of  the 
fmall-pox,  many  of  whom,  it  is  probable,  will  never  return. 

I  pafs  this  opportunity  without  any  particulars  of  my 
old  theme.  One  thing,  however,  I  mu  ft  mention,  which 
is,  that  perhaps  my  laft  letters  contained  fomething  that 
feemed  to  militate  with  your  dodlrine  of  the  Origin ,  &c. 
But  my  defign  was  only  to  relate  the  phenomena  as  they 
appeared  to  me.  I  have  received  fo  much  light  and  plea- 
fure  from  your  writings,  as  to  prejudice  me  in  favour  of 
every  thing  from  your  hand,  and  leave  me  only  liberty  to 
obferve,  and  a  power  of  diffenting  when  fome  great  proba¬ 
bility  might  oblige  me  :  And  if  at  any  time  that  be  the 
cafe,  you  will  certainly  hear  of  it 

I  am ,  Sir,  &c. 

*  BoJJon  is  an  old  town,  and  was  formerly  the  feat  of  all  the  trade  of  the 
country,  that  was  carried  on  by  fea.  New  towns,  and  ports,  have,  of  late, 
divided  the  trade  with  it,  and  dimimfhed  its  inhabitants,  though  the  inhabi¬ 
tants  of  the  country,  in  general,  have  greatly  increafed. 
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LETTER  XVII, 


FRO 


Benj.  Franklin,  Efq;  of 


eipoia, 


To  Doctor 


of  Boflon. 


SIR,  Philadelphia,  Aug.  13 ,  1752. 

I  Received  your  favour  of  the  3d  inftant.  Some  time 
laft  winter  I  procured  from  one  of  our  phyficians  an 
account  of  the  number  of  perfons  inoculated  during 
the  five  visitations  of  the  fmall-pox  we  have  had  in  22 

years ;  which  account  I  fent  to  Mr  W —  V _ 0f  your 

town,  and  have  no  copy.  If  I  remember  right,  the  num¬ 
ber  exceeded  800,  and  the  deaths  were  but  4.  I  fuppofe 

Mr  V  will  fhew  you  the  account,  if  he  ever  received 
it.  Thofe  four  were  all  that  our  doctors  allow  to  have 
died  of  the  fmall-pox  by  inoculation,  though  I  think  there 
were  two  more  of  the  inoculated  who  died  of  the  diftem- 
per ;  but  the  eruptions  appearing  foon  after  the  operation,  it 

is  fuppofed  they  had  taken  the  infection  before,  in  the  com- 

man  way. 

-  ; 

Dd  1 1  /hall 
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I  iliall  be  glad  to  fee  what  Dr  Douglafs  may  write  on 
the  fubjedt.  I  have  a  French  piece  printed  at  P arts  1724, 
entitled,  Chfervafions  fur  la  Saignee  du  Pied ,  et  fur  la 
Purgation  mi  commencement  de  la  Petite  Verde  y  <3  Haifa ± 
ie  doubt e  contre  f  Inoculations  A  letter  of  the  do&orVis 
mentioned  da  it.  If  he, or  you  have  it  not,  and  defire  to 
fee  it  Ill  fend  it,— Pleafe  to  favour  me  with  the  particulars 
of  your  purging  method*  to  prevent  the  fecondary  fever. 

I  am  indebted  for  your  preceding  letter,  but  oufinefs 
fometimes  obliges  one  to  poftpone  philofophical  amufe- 
jnents.  Whatever  I  have  wrote  of  that  kind,  are  tealiy,  as 
they  are  entitled,  but  ConjeBures  and  Suppofitions  $  which 
ought  always  to  give  place,  when  careful  obfervation  mili¬ 
tates  again  ft  them.  I  own  I  -  have  too  ftrong  a  penchant 
tp  the  building  •  of  .  hypothefes  $  they  indulge  my -natural 
indolence  :  I  wife  I  had  more  of  your  patience  and  aecxx^ 
racy  in  making  obfervations,  on  which,  alone,  true?  Philfe- 
phy  can  he  founded.  And,  I  affure  you,  nothing  can  be 
be  more  obliging  to  me,  than  your  kind  communication  of 
thofe  yoii  make,  however  they  may  difagree  with  my 
pre-donee ived  notions.  ^  - 

f  X  am  ferry  to  hear  that  the  number  of  your  inhabitants 
decreafes. '  I  feme  time  fince,  wrote  a  Imali  paper  of 
'Thoughts  on  the  peopling  of  Countries ,  which,  if  i  can  find, 
1  will  fend  you,  to  obtain  your  lentiments.  The  fa¬ 
vour.  able  opinion  you  exprefsofmy  writings,  may,  you  fee, 
occafion  you  more  trouble  than  you  expedted  from,  Sir, 

Tours,  &c.  B,  t . 
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Observations  concerning  the  Increafe  of  Man¬ 
kind,  peopling  of  Countries ,  &c.  Written  in 
Penfllvania,  1751. 

1  •  f  I  sABLES  of  the  proportion  of  marriages  to  births* 
JL  of  deaths  to  births,  of  marriages  to  the  numbers 

of  inhabitants,  wormed  on  observations  made  upon  the 
bills  of  mortality,  chriftenings,  &c.  of  populous  cities,  will 
not  fuit  countries  ;  nor  will  tables  formed  on  obfervations 
made  on  full  fettled  old  countries,  as  Europe ,  fuit  new  coun¬ 
tries,  as  America. 

2.  For  people  increafe  in  proportion  to  the  number  of 
marriages,  and  that  is  gi eater  in  proportion  to  the  eale  and 
convenience  of  fupporting  a  family.  When  families  can 
be  eafily  fupported,  more  perfons  marry,  and  earlier  in  life. 

3-  In  cities,  where  all  trades,  occupations,  and  offices  are 
full,  many  delay  marrying,  till  they  can  fee  how  to  bear 
the  charges  of  a  family  j  which  charges  are  greater  in  ci¬ 
ties,  as  luxury  is  more  common  j  many  live  Angle  during 
life,  and  continue  fervants  to  families,  journeymen  to  trades, 
&c.  Hence  cities  do  not,  by  natural  generation,  fupply 

themfelves  with  inhabitants  j  the  deaths  are  more  than  the 
births. 

4.  In  countries  full  fettled,  the  cafe  mud:  be  nearly  the 
famej  all  lands  being  occupied  and  improved  to  the 
heighth  }  thofe  who  cannot  get  land,  muft  labour  for  o- 
thers  that  have  it ;  when  labourers  are  plenty,  their  wages 
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will  be  low  ;  by  low  wages  a  family  is  fupported  with  dif¬ 
ficulty  ;  this  difficulty  deters  many  from  marriage,  who, 
therefore,  long  continue  fervants,  and  fingle.  Only  as  the 
cities  take  fupplies  of  people  from  the  country,  and  there  - 
by  make  a  little  more  room  in  the  country,  marriage  is  a 
little  more  encouraged  there,  and  the  births  exceed  the 
deaths. 

r.  Great  part  of  Europe  is  full  fettled  with  hufbandmen, 
manufacturers,  and  therefore  cannot  now  much  en- 
creafe  in  people.  America  is  chiefly  occupied  by  Indians, 
who  fubfift  moftly  by  hunting — But  as  the  hunter,  of  all 
men,  requires  the  greateft  quantity  of  land  fi  om  whence  to 
draw  his  fubfiftence,  (the  hufbandman  fubfifting  on  mucn 
lefs,  the  gardener  on  ftill  lefs,  and  the  manufacturer  requir¬ 
ing  leaft  of  all)  the  Europeans  found  America  as  fully  fett¬ 
led  as  it  well  could  be  by  hunters  j  yet  thefe  having  large 
traCls,  were  eafily  prevailed  on  to  pait  with  portions  of 
territory  to  the  new  comers,  who  did  not  much  interfere 
with  the  natives  in  hunting,  and  furnilhed  them  with  ma¬ 
ny  things  they  wanted. 

6.  Land  being  thus  plenty  in  America,  and  fo  cheap  as 
that  a  labouring  man  that  underftands  hufbandry,  can,  in 
a  fhort  time,  fave  money  enough  to  purchafe  a  piece  of 
new  land,  fufficient  for  a  plantation,  whereon  he  may  fub¬ 
fift  a  family  ;  fuch  are  not  afraid  to  marry  >  for  if  they  e- 
ven  look  far  enough  forward  to  confider  how  their  chil¬ 
dren,  when  grown  up,  are  to  be  provided  for,  they  fee  that 

more 


more  land  is  to  be  had  at  rates  equally  eafy,  all  circumftan- 
ces  confidered. 

7.  Hence  marriages  in  America  are  more  general,  and 
more  generally  early  than  in  Europe.  And  if  it  is  reckon 
ed  there,  that  there  is  but  one  marriage  per  Annum  among 
ioo  perfons,  perhaps  we  may  here  reckon  two  ;  and  if  in 
Europe  they  have  but  four  births  to  a  marriage,  (many  of 
their  marriages  being  late)  we  may  here  reckon  eight ;  of 
which,  if  one  half  grow  up,  and  our  marriages  are  made, 
reckoning  one  with  another,  at  twenty  years  of  age,  our 
people  mull  at  lead  be  doubled  every  twenty  years. 

8.  But  notwithflanding  this  increafe,  fo  vaftis  the  terri¬ 
tory  of  North- America,  that  it  will  require  many  ages  to 
fettle  it  fully  ;  and  till  it  is  fully  fettled,  labour  will  never 
be  cheap  here,  where  no  man  continues  long  a  labourer 
for  others,  but  gets  a  plantation  of  his  own  ;  no  man  con¬ 
tinues  long  a  journeyman  to  a  trade,  but  goes  among  thofe 
new  fettlers,  and  fets  up  for  himfelf,  &c.  Hence  labour 
is  no  cheaper  now,  in  Penfilvania,  than  it  was  thirty  years 
ago,  though  fo  many  thoufand  labouring  people  have  been 
imported  from  Germany  and  Ireland. 

o.  The  danger,  therefore,  of  thefe  colonies  Interfere- 
ing  with  their  mother  country  in  trades  that  depend  on 
labour,  manufactures,  &c.  is  too  remote  to  require  the  at¬ 
tention  of  Great- Britain. 

10.  But  in  proportion  to  the  increafe  of  the  colonies, 
a  vaft  demand  is  growing  for  Britijh  manufactures  j  a. 

glorious  market,  wholly  in  the  power  of  Britain ,  in  which 

foreigners 
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foreigners  cannot  interfere,  which  will  increafe,  in  a  Tbcrt 
time,  even  beyond  her  power  of  fupplying,  though  her 
whole  trade  fhould  be  to  her  colonies.  ***■*• 

•  12.  ’Tis  an  ill-grounded  opinion,  that  by  the  labour  of 
Haves,  America  may  poffibly  vie  in  cheapnefs  of  manu¬ 
factures  with  Britain .  The  labour  of  flaves  can  never 
be  fo  cheap  here,  as  the  labour  of  working  men  is  in  Bri¬ 
tain.  Any  one  may  compute  it.  Intereft  of  money  is 
in  the  colonies  from  6  to  io  per  Cent.  Slaves,  one  with 
another,  coft  30/.  flerling  per  head.  Reckon  then  the 
intereft  of  the  firft  purchafe  of  a  Have,  the  infurance  or 
rifque  on  his  life,  his  cloathing  and  diet,  expences  in  his 
iicknefs,  and  lofs  of  time,  lofs  by  his  negled  of  bufinefs, 
(negled  is  natural  to  the  man  who  is  not  to  be  benefited 
by  his  own  care  or  diligence)  expence  of  a  driver  to  keep 
him  at  work,  and  his  pilfering  from  time  to  time,  almoft 
every  Have  being,  from  the  nature  of  flavery,  a  thief ; 
and  compare  the  whole  amount  with  the  wages  of  a  ma- 
nufadurer  of  iron  or  wool  in  England,  you  will  fee  that 
labour  is  much  cheaper  there,  than  it  ever  can  be  by  ne¬ 
groes  here.  Why  then  will  Americans  purchafe  fiaves  ? 
Becaufe  fiaves  may  be  kept  as  long  as  a  man  pleafes,  or 
has  occafion  Tor  their  labour ;  while  hired  men  are  conti¬ 
nually  leaving  their  mafter  (often  in  the  midft  of  his  bu¬ 
finefs)  and  fetting  up  for  thetnfelves.  §  8. 

13.  As  the  increafe  of  people  depends  on  the  encou¬ 
ragement  of  marriages,  the  following  things  muft  dimi- 
niflr  a  nation,  viz.  1.  The  being  conquered;  for  the  con¬ 
querors 
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qoerors  will  engrofs  as  many  offices,  and  exafi  as  much 
tribute  or  profit  on  the  labour  of  the  conquered,  as  will 
maintain  them  in  their  new  eftablifliment  *  and  this  di¬ 
mini  filing  the  iubfiftence  of  the  natives,  difcourag.es  their 
marriages,  and  jfo  gradually  diminifiies  them,  while  the 
foreigners  increafe.  2.  Lofs  of  territory.  Thus  tjie  Bri¬ 
tons  being  driven  into  Wales;,  and  crowded  together  in  a 
barren  country,  insufficient  to  fupport  fuch  great  numbers,, 
diminifhed,  till  the  people  bore  a  proportion  to  the  pro¬ 
duce,  while  the  Saxons  increafed  on  their  abandoned  lands* 
"till  the  ifiand  became  full  of  Engltjh .  And,  were  the. 
Englijh  now  driven  into  Wales  by  fome  foreign  nation, 
there  would,  in  a  few  years,  be  no  more  Englijhmen  in 
Britain ,  than  there  are  now  people  in  Wales  a  3.  Lofs 
of  trade.  Manufactures  exported,  draw  fubfiflence  from 
foreign  countries  for  numbers  $,  who  are  thereby  enabled 
to  marry  and  raife  families.  If  the  nation  be  deprived  of 
any  branch  of  trade,  and  no  new  employment  is  found 
for  the  people  occupied  in  that  branch,  it  will  foon  be  de¬ 
prived  of  fo  many  people.  4.  Lofs  of  food.  Suppofe  % 
nation  has  a  fifhery,  which  not  only  employs  great  numbers, 
but  makes  the  food  and  fubfiflence  of  the  people  cheaper  : 
if  another  nation  becomes  mailer  of  the  feas,  and  prevents 
the  fiflbery,  the  people  will  diminifii  in  proportion  as  the 
Sols  of  employ,  and  dearnefs  of  provider*  makes  it  more 
difficult  to  fubfift  a  family.  •  5.  Bad  government  and  in- 
fecure  property.  People  not  only  leave  fuch  a  country,, 
and  fettling  abroad  incorporate  with  other  nations,  lofe 

their 
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their  native  language,  and  become  foreigners ;  but  the  in- 
duftry  of  thofe  that  remain  being  difcouraged,  the  quan¬ 
tity  of  fubfiftence  in  the  country  is  leffened,  and  the  fup- 
port  of  a  family  becomes  more  difficult.  So  heavy  taxes 
tend  to  diminife  a  people,  6.  The  introaudfoon  of  ilaves. 
The  negroes  brought  into  the  Englifio  fugar  iflands,  have 
greatly  diminifeed  the  Whites  there  s  the  poor  are  by  this 
means  deprived  of  employment,  while  a  few  families  ac¬ 
quire  vaft  eftates,  which  they  fpend  on  foreign  luxuries, 
and  educating  their  children  in  the  habit  of  thofe  luxu- 
ries  ;  the  fame  income  is  needed  for  the  fupport  of  one, 
that  might  have  maintained  one  hundred.  The  whites, 
who  have  flaves  not  labouring,  are  enfeebled,  and  there-, 
fore  not  fo  generally  prolific ;  the  ilaves  being  worked  too 
hard,  and  ill  fed,  their  conftitutions  are  broken,  and  the 
deaths  among  them  are  more  than  the  births  ;  fo  that  a 
continual  fupply  is  needed  from  slfricd*  The  northern 
colonies  having  few  flaves,  increafe  in  whites.  Slaves 
alfo  pejorate  the  families  that  life  them  5  the  white  chil¬ 
dren  become  proud,  difgufted  with  labour,  and  being  e- 
ducated  in  idlenefs,  are  rendered  unfit  to  get  a  living  by 
induftry. 

14.  Hence  the  prince  that  acquires  new  territory,  if  he 
finds  it  vacant,  or  removes  the  natives  to  give  his  own 
people  room  j  the  legiflator  that  makes  effectual  laws  foi 
promoting  of  trade,  increafing  employment,  improving 
land  by  more  or  better  tillage,  providing  more  food  by 
fifeeries,  fecuring  property,  &c.  and  the  man  that  invents 

new 
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new  trades,  arts,  or  manufactures,  or  new  improvements 
in  hulbandry,  may  be  properly  called  Fathers  of  their  na - 
tion >  as  they  are  the  caufe  of  the  generation  of  multi¬ 
tudes,  by  the  encouragement  they  afford  to  marriage, 

15.  As  to  privileges  granted  to  the  married,  (fuch  as 

the  jus  trium  liberorwn  among  the  Romans^  they  may 

haften  the  filling  of  a  country  that  has  been  thinned  by 

war  or  peftilence,  or  that  has  otherwife  vacant  territory, 

but  cannot  increafe  a  people  beyond  the  means  provided 
for  their  fubfiftence* 

16.  Foreign  luxuries,  and  needlefs  manufactures,  im¬ 
ported  and  ufed  in  a  nation,  do,  by  the  fame  reafonings 
increafe  the  people  of  the  nation  that  furnifhes  them,  and 
diminifh  the  people  of  the  nation  that  ufes  them.— Laws, 
therefore,  that  prevent  fuch  importations,  and,  on  the 
contrary,  promote  the  exportation  of  manufactures  to  bg 
confumed  in  foreign  countries,  may  be  called  (with  re~ 
fpeCt  to  the  people  that  make  them)  generative  laws ,  as 
by  increafing  fubfiftence  they  encourage  marriage*  Such 
laws  likewife  ftrengthen  a  country  doubly,  by  increafing 
its  own  people,  and  diminifhing  its  neighbours, 

17.  Spme  European  nations  prudently  refufe  to  con- 
fume  the  manufactures  of  Eaft-India  .-—They  ftiould 
likewife  forbid  them  to  their  colonies ;  for  the  gain  to  the 
merchant  is  not  to  be  compared  with  the  lofs,  by  this 
means,  of  people  to  the  nation. 

18.  Home  luxury  in  the  great,  increafes  the  nation’s 
manufacturers  employed  by  it,  who  are  many,  and  only 
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tends  to  diminifh  the  families  that  indulge  in  it,  who  are 
few.  The  greater  the  common  fafhionable  expence  of 
any  rank  of  people,  the  more  cautious  they  are  of  mar¬ 
riage.  Therefore  luxury  fhould  never  be  differed  to  be¬ 
come  common. 

19.  The  great  increafe  of  offspring  in  particular  fami¬ 
lies,  is  not  always  owing  to  greater  fecundity  of  nature, 
but  fometimes  to  examples  of  induftry  in  the  heads,  and 

induftrious  education  ;  by  which  the  children  are  enabled 

* 

to  provide  better  for  themfelves,  and  their  marrying  early 
is  encouraged  from  the  profpect  of  good  fubfiftence. 

20.  If  there  be  a  fed,  therefore,  in  our  nation,  that  re¬ 
gard  frugality  and  induftry  as  religious  duties,  and  educate 
their  children  therein,  more  than  others  commonly  do 
fuch  fed  muft  confequently  increafe  more  by  natural  ge¬ 
neration,  than  any  other  fed  in  Britain . 

21.  The  importation  of  foreigners  into  a  country  that 
has  as  many  inhabitants  as  the  prefent  employments  and 
provifions  for  fubfiftence  will  bear,  will  be  in  the  end  no 
increafe  of  people,  unlefs  the  new-comers  have  more  in¬ 
duftry  and  frugality  than  the  natives,  and  then  they  will 
provide  more  fubfiftence,  and  increafe  in  the  country  j 
but  they  will  gradually  eat  the  natives  out.- — Nor  is  it  ne- 
ceflary  to  bring  in  foreigners  to  fill  up  any  occafional  va¬ 
cancy  in  a  country ;  for  fuch  vacancy  (if  the  laws  are  good, 
§  14,  16)  will  foon  be  filled  by  natural  generation.  Who 
can  now  find  the  vacancy  made  in  Sweden,  France,  or  o- 

ther  warlike  nations,  by  the  plague  of  heroifm  40  years 

ago  j 


on  Philofophical  SubjeEts .  2  05 

ago;  In  France ,  by  the  expulfion  of  the  Proteftants $  in 
Englandy  by  the  fettlement  of  her  colonies  ;  or  in  Guinea , 
by  a  hundred  years  exportation  of  flaves,  that  has  blackened 
half  America  ? — The  thinnefs  of  the  inhabitants  in  Spain, 
is  owing  to  national  pride,  and  idlenefs,  and  other  caufes, 
rather  than  to  the  expulfion  of  the  Moors,  or  to  the  mak¬ 
ing  of  new  fettlements. 

22.  There  is,  in  fhort,  no  bound  to  the  prolific  nature 
of  plants  or  animals,  but  what  is  made  by  their  crowd¬ 
ing  and  interfering  with  each  other's  means  of  fubfiftence* 
Was  the  face  of  the  earth  vacant  of  other  plants,  it  might 
be  gradually  fowed  and  overfpread  with  one  kind  only  ; 
as  for  inftance,  with  Fennel ;  and  were  it  empty  of  other 
inhabitants,  it  might,  in  a  few  ages,  be  repleniftied  from 
one  nation  only,  as  for  inftance,  with  Englijhmen .  Thus 
there  are  fuppofed  to  be  now  upwards  of  one  million  En- 
glijh  fouls  in  North- America,  (though  it  is  thought  fcarce 
80,000  have  been  brought  over  fea)  and  yet  perhaps  there 
is  not  one  the  fewer  in  Britain ,  but  rather  many  more, 
on  account  of  the  employment  the  colonies  afford  to  ma- 
nufafturers  at  home.  This  million  doubling,  fuppofe  but 
once  in  25  years,  will,  in  another  century,  be  more  than 
the  people  of  England ',  and  the  greateft  number  of  En - 
glijhmen  will  be  on  this  fide  the  water.  What  an  accef- 
fion  of  power  to  the  Britijh  empire  by  fea  as  well  as  land  ! 
What  increafe  of  trade  and  navigation  !  What  numbers  of 
{hips  and  feamen  !  We  have  been  here  but  little  more  than 
a  hundred  years,  and  yet  the  force  of  our  privateers  in  the 

E  e  2  late* 


206 


Letters  and  Papers 

late  war,  united,  was  greater,  both  in  men  and  guns, 
than  that  of  the  whole  Britijh  navy  in  Queen  Elizabeth's 

time. - How  important  an  affair,  then,  to  Britain ,  is 

the  prefent  treaty  *  for  fettling  the  bounds  between  her 
colonies,  and  the  French  !  and  how  careful  fhould  fhe  be 
to  fecure  room  enough,  fince  on  the  room  depends  fo 
much  the  increafe  of  her  people  ? 

23.  In  fine,  a  nation  well  regulated  is  like  a  polypus  ; 
take  away  a  limb,  its  place  is  foon  fupplied ;  cut  it  in 
two,  and  each  deficient  part  dial!  fpeedily  grow  out  of 
the  part  remaining*  Thus  if  you  havfc  room  and  fubfift- 
ence  enough,  as  you  may,  by  dividing,  make  ten  poly- 
pufes  out  of  one,  you  may,  of  one,  make  ten  nations, 
equally  populous  and  powerful  $  or,  rather,  increafe  a  na¬ 
tion  ten  fold  in  numbers  and  ftrength*  *  *  *  *  * 


#  In  1751, 
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From  Do<5ior 


t  o 


■,  of  Bojlon , 


Benjamin  Franklin,  Efq;  at  Philadelphia. 


SIR, 


Read  aLthe  Roy¬ 
al  Society  June 
3>  17S^» 


Bojlon ,  Oslo  her  16,  1752. 

I  Find,  by  a  word  or  two  in  your  laft, 
that  you  are  willing  to  be  found  fault 
with  j  which  authorifes  me  to  let  you 
know  what  I  am  at  a  lofs  about  in  your  papers,  which  is 
only  in  the  article  of  the  water-lpout.  I  am  in  doubt, 
whether  water  in  bulk,  or  even  broken  into  drops,  ever 
afcends  into  the  region  of  the  clouds,  per  vorlicem ,  (/.  e.) 
whether  there  be,  in  reality,  what  I  call  a  direft  water- 
fpout.  I  make  no  doubt  of  direft  and  inverted  whirl¬ 
winds  ;  your  defcription  of  them,  and  the  reafon  of  the 
thing,  are  fufficient.  I  am  lenfible,  too,  that  they  are 
very  ftrong,  and  often  move  confiderable  weights.  But  I 
have  not  met  with  any  hiftorical  accounts  that  feem  ex- 

aft  enough  to  remove  my  fcruples  concerning  the  afcent 
above  faid. 


Defcend- 
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Defcending  fpouts  (as  I  take  them  to  be)  are  many 
times  feen,  as  I  take  it,  in  the  calms,  between  the  fea 
and  land  trade-winds,  on  the  coaft  of  Africa .  Thefe 
contrary  winds,  or  diverging,  I  can  conceive  may  oecafion 
them,  as  it  were  by  fudtion,  making  a  breach  in  a  large 
cloud.  But  I  imagine  they  have,  at  the  fame  time,  a 
tendency  to  hinder  any  diredt  or  rifmg  fpout,  by  carry¬ 
ing  off  the  lower  part  of  the  atmofphere,  as  faft  as  it  be¬ 
gins  to  rarefy  ;  and  yet  fpouts  are  frequent  here,  which 
flrengthens  my  opinion,  that  all  of  them  defcend. 

But  however  this  be,  I  cannot  conceive  a  force  produ¬ 
cible  by  the  ratification  and  condenfation  of  our  atmo¬ 
fphere,  in  the  circumftances  of  our  globe,  capable  of  car¬ 
rying  water,  in  large  portions,  into  the  region  of  the 
clouds.  Suppofing  it  to  be  raifed,  it  would  be  too  heavy 
to  continue  the  afcent  beyond  a  confiderable  height,  un- 
lefs  parted  into  final!  drops  s  and,  even  then,  by  its  cen¬ 
trifugal  force,  from  the  manner  of  conveyance,  it  would 
be  flung  out  of  the  circle,  and  fall  fcattered,  like  rain. 

Sut  I  need  not  expatiate  on  thefe  matters  to  you.  I 
have  mentioned  my  objections,  and,  as  truth  is  my  pur- 
fuit,  fhall  be  glad  to  be  informed.  I  have  feen  few  ac¬ 
counts  of  thefe  whirl,  or  eddy  winds,  and  as  little  of  the 
fpouts  5  and  thefe,  efpecially,  lame  and  poor  things  to  ob¬ 
tain  any  certainty  by.  If  you  know  any  thing  determi¬ 
nate  that  has  been  obferved,  I  fhall  hope  to  hear  from 
you  $  as  alfo  of  any  miftake  in  my  thoughts. 


I  have 
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I  have  nothing  to  object  to  any  other  part  of  your  fup- 
politions  5  and  as  to  that  of  the  trade-winds3  I  believe  no¬ 
body  can. 

I  anti  &c9 

P.  S.  The  figures  in  the  Philofophical  Pranfadiiom 
fhew,.  by  leveral  circumftances3  that  they  all  defcended^ 
though  the  relators  feemed  to  think  they  took  up  water. 


LETTER  XIX. 

From  Doctor  — — ,  of  Bofton , 

T  O 

Benjamin  Franklin,  Efq3  of  Philadelphia . 


Read  at  the  Royal 
Society,  June 
a4>  2754* 


S  1  Bofton ,  OStober  23 ,  1752., 

4  * 

N  the  inclofed  you  have  all  1  have  to 
fay  of  that  matter  It  proved  longer 
than  I  expe£ted3  fo  that  I  was  forced 
to  add  a  cover  to  it0  I  confefs  it  looks  like  a  difpute  3  but 
that  is  quite  contrary  to  my  intentions.  The  fincerity  of 
friendlhip  and  efieem  were  my  motives  3  nor  do  I  doubt 


*  Water-fpouts* 


your 
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VOur  fcrupling  the  goodnefs  of  the  intention.  However, 

I  niuft  confefs  I  cannot  tell  exactly  how  far  I  was  a  died 
by  hopes  of  better  information,  in  difcovering  the  whole 
foundation  of  my  opinion,  which,  indeed,  is  but  an  opi¬ 
nion,  as  I  am  very  much  at  a  lofs  about  the  validity  of 
the  reafons.  I  have  not  been  able  to  differ  from  you  in 
fentiment  concerning  any  thing  elfe  iij  your  Suppositions, 
In  the  prefent  cafe  I  lie  open  to  convidtion,  and  (hall  be 
the  gainer  when  informed.  If  I  am  right,  you  wiil  know 
that,  without  my  adding  any  more.  Too  much  faid  on 
a  merely  fpeculative  matter,  is  but  a  robbery  committed 
on  practical  knowledge.  Perhaps  I  am  too  much  pleafed 
with  thefe  dry  notions :  However,  by  this  you  will  fee 
that  I  think  it  unreafonable  to  give  you  more  trouble  a- 
bout  them,  than  your  leifure  and  inclination  may  prompt 
you  to* 

I  am ,  &c, 

w, 

* 

SINCE  my  laft  I  confidered,  that,  as  I  had  begun  with 
the  reafons  of  my  dilTatisfaction  about  the  afcent  of 
water  in  fpouts,  you  would  not  be  unwilling  to  hear  the 
whole  I  have  to  fay,  and  then  you  will  know  what  I  rely 
upon. 

What  occafioned  my  thinking  all  fpouts  defcend,  is, 
that  I  found  fome  did  certainly  do  fo.  A  difficulty  ap¬ 
peared  concerning  the  afcent  of  fo  heavy  a  body  as  water, 
by  any  force  I  was  apprifed  of,  as  probably  fufficient. 

And, 
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And,  above  all,  a  view  of  Mr  Stuart's  portraits  of  fpouts, 
in  the  Philofophical  PranfaClions . 

Some  obfervations  on  thefe  laft,  will  include  the  chief 
part  of  my  difficulties. 

Mr  Stuart  has  given  us  the  figures  of  a  number  ob« 
ferved  by  him  in  the  Mediterranean  :  All  with  fome  par« 
ticulars  which  make  for  my  opinion,  if  well  drawn. 

The  great  fpattering  which  relators  mention  in  the  wa¬ 
ter  where  the  fpout  defends,  and  which  appears  in  all 
his  draughts,  I  conceive  to  be  occafioned  by  drops  de¬ 
fending  very  thick  and  large  into  the  place. 

On  the  place  of  this  fpattering  arifes  the  appearance  of 
a  buffi,  into  the  center  of  which  the  fpout  comes  down. 
This  buffi  I  take  to  be  formed  by  a  fpray,  made  by  the 
force  of  thefe  drops,  which  being  uncommonly  large, 
and  defending  with  unufual  force,  by  a  ftream  of  wind 
defending  from  the  cloud  with  them,  increafes  the  height 
of  the  fpray  5  which  wind  being  repulfed  by  the  furface 
of  the  waters,  rebounds  and  fpreads  5  by  the  firfl:  raifing 
the  fpray  higher  than  otherwife  it  would  go  ;  and  by  the 
lali  making  the  top  of  the  buffi  appear  to  bend  outwards 
(/.  el)  the  cloud  of  fpray  is  forc’d  off  from  the  trunk  of  the 
Ipout,  and  falls  backward. 

Tne  buffi  does  the  fame,  where  there  is  no  appearance 
of  a  fpout  reaching  it  5  and  is  depreffed  in  the  middle, 
where  the  fpout  is  expedted.  This,  I  imagine,  to  be 
from  numerous  drops  of  the  fpout  falling  into  it,  together 

h  f  with 
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with  the  wind  I  mentioned,  by  their  defcent,  which  beat 
back  the  riling  fpray  in  the  center. 

This  circumstance,  of  the  bufh  bending  outwards  at 
the  top,  feems  not  to  agree  with  what  I  call  a  direct 
whirlwind,  but  confident  with  the  revers’d  3  for  a  diredt 
$ne  would  fweep  the  bufh  inwards  3  if,  in  that  cafe,  any 
thing  of  a  bufh  would  appear. 

The  pillar  of  water,  as  they  call  it,  from  its  likenefs, 
I  fuppofe  to  be  only  the  end  of  the  fpout  immers’d  in  the 
bufh,*  a  little  blacken’d  by  the  additional  cloud,  and,  per¬ 
haps,  appears  to  the  eye  beyond  its  real  bignefs,  by  a 
refradtion  in  the  bufh,  and  which  refradtion  may  be  the 
caufe  of  the  appearance  of  reparation,  betwixt  the  pari 
in  the  bufh,  and  that  above  it.  The  part  in  the  bulh  is 
-  cylindrical,  as  it  is  above  (*.  e.)  the  bignefs  the  fame  from 
the  top  of  the  bufh  to  the  water.  Inftead  of  this  fhape, 
in  cafe  of  a  whirlwind,  it  muft  have  been  pyramidical. 

Another  thing  remarkable,  is,  the  curve  in  fome  of 
them  :  This  is  eafy  to  conceive,  in  cafe  of  defcending 
parcels  of  drops  through  various  winds,  at  leaft  till  the 
cloud  condenfes  fo  faft  as  to  come  down,  as  it  were,  uno 
rivo.  But  it  is  harder  to  me  to  conceive  it  in  the  afcent 
of  water,  that  it  fhould  be  conveyed  along,  fecure  of  not 
leaking,  or  often  dropping  through  the  under  fide,  in  the 
prone  part :  And,  fhould  the  water  be  conveyed  fo  fwift- 
ly,  and  with  fuch  force,  up  into  the  cloud,  as  to  pre¬ 
vent  this  3  it  would,  by  a  natural  difpofition  to  move  on 


in 


in  a  prefent  direction,  prefently  ftraiten  the  curve,  raifing 
the  fhoulder  very  fwiftly,  till  loft  in  the  cloud. 

Over  every  one  of  Stuart' s  figures,  I  fee  a  cloud  :  I  fup~ 
pofe  his  clouds  were  firft,  and  then  the  fpout  5  I  do  not 
know  whether  it  be  fo  with  all  fpouts,  but  fuppofe  it  is* 
Now,  if  whirlwinds  carried  up  the  water,  I  fhould  ex¬ 
pert  them  in  fair  weather,  but  not  under  a  cloud;  as  is 
obfervable  of  whirlwinds ;  they  come  in  fair  weather, 
not  under  the  fhade  of  a  cloud,  nor  in  the  night ;  lince 
fhade  cools  the  air  :  But,  on  the  contrary,  violent  winds 
often  defcend  from  the  clouds ;  ftrong  gufts  which  occupy 
fmall  fpaces ;  and  from  the  higher  regions,  extenfive  hur¬ 
ricanes,  &c« 

f  ..  ..  ..  1  >  ... 

Another  thing  is,  the  appearance  of  the  fpout  can¬ 
ing  from  the  cloud.  This  I  cannot  account  for  on  the 
notion  of  a  direfi  fpout,  but,  in  the  real  defcending  one, 
it  is  eafy.  I  take  it,  that  the  cloud  begins  firft  of  all  to 
pour  out  drops  at  that  particular  fpot,  or  foramen  j  and, 
when  that  current  of  drops  increafes,  fo  as  to  force  down 
wind  and  vapour,  the  fpout  becomes,  fo  far  as  that  goes, 
opaque.  I  take  it,  that  no  clouds  drop  fpouts,  but  fuch 
as  make  very  faft,  and  happen  to  condenfe  in  a  particular 
fpot,  which,  perhaps,  is  coldeft,  and  gives  a  determina¬ 
tion  downwards,  fo  as  to  make  a  paliage  through  the 
fubjacent  atmofphere. 

If  fpouts  afcend,  it  is  to  carry  up  the  warm  ratified  air 

* 

below,  to  let  down  all  and  any  that  is  colder  above  j 
and,  if  fo,  they  muft  carry  it  through  the  cloud  they  g® 

F  f  2  into,. 
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into,  (for  that  is  cold  and  denfe,  I  imagine)  perhaps  far 
into  the  higher  region,  making  a  wonderful  appearance  at 
a  convenient  diftance  to  obferve  it,  by  the  fwift  rife  of  & 
body  of  vapour,  above  the  region  of  the  clouds.  But,  as 
this  has  never  been  obferved  in  any  age,  if  it  be  fuppofe- 
able  that  is  all. 

I  cannot  learn,  by  mariners,  that  any  wind  blows  to¬ 
wards  a  fpoutmore  than  any  other  way  j  but  it  blows  to¬ 
wards  a  whirlwind,  for  a  large  diftance  round'. 

I  fuppofe  there  has  been  no  inftance  of  the  water  of  a 
fpeut  being  fait,  when  coming  a-crofs  any  vefiel  at  fea. 
I  fuppofe,  too,  that  there  have  been  no  fait  rains ;  thefe 
would  make  the  cafe  clear. 

I  fuppofe  it  is  from  fome  unhappy  effefts  of  thefe  dan¬ 
gerous  creatures  of  nature,  that  failors  have  an  univerfal 
dread  on  them  of  breaking  in  their  decks,  ftiould  they 
come  acrofs  them. 

I  imagine  fpouts,  in  cold  feafons,  as  Gordon’ s  in  the 
Downs,  prove  the  defcent. 

Query.  Whether  there  is  not  always  more  or  lefs  cloud, 
firft,  where  a  fpout  appears  ? 

Whether  they  are  not,  generally,  on  the  borders  of 
trade-winds ;  and  whether  this  is  for,  or  againft  me  ? 

Whether  there  be  any  credible  account  of  a  whirlwind’s 

carrying  up  all  the  water  in  a  pool,  or  fmall  pond  :  As 

when  ftioal,  and  the  banks  low,  a  ftrong  guft  might  be 

fuppofed  to  blow  it  all  out  ? 

: .  Whether. 


Whether  a  violent  tornado,  of  a  fmall  extent,  and  o- 
ther  hidden  and  ftrong  gufts,  be  not  winds  from  above, 
defcending  nearly  perpendicular  ;  and,  whether  many  that 
are  called  whirlwinds  at  fea,  are  any  other  than  thefe ; 
and  fo  might  be  called  air-fpouts,  if  they  were  objects  of 
fight  ? 

I  overlooked,  in  its  proper  place,  Stuart’s  No.  ir, 
which  is  curious  for  its  inequalities,  and,  in  particular, 
the  approach  to  breaking,  which,  if  it  would  not  be  too 
tedious,  I  would  have  obferv’d  a  little  upon,  in  my  own 
way,  as,  I  think,  this  would  argue  again  ft  the  afcent,  &c.. 
but  I  muft  pafs  it,  not  only  for  the  reafon  mentioned,  but 
want  of  room  befides.. 

As  to  Mr  Stuart’s  ocular  demonftration  of  the  afcent 
in  his  great  perpendicular  fpout,  the  only  one  it  appears 
in,  I  fay,  as  to  this,  what  I,  have  written  fuppofes  him. 
miftaken,  which,  yet,  I  am  far  from  aflerting. 

The  force  of  an  airy  vortex,  having  lefs  influence  on 
the  folid  drops  of  water,  than  on  the  interfperfed  cloudy 
vapours,  makes  the  laft  whirl  round  fwifter,  though  it  de- 
fcend  flower  And  this  might  eafily  deceive,  without 
great  care,  the  moll  unprejudiced  perfon. 


•>  ■  i 
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Benj.  Franklin,  of  Philadelphia , 

To  Doctor  *  *  *  of  Pojion. 

*  ‘  \  '  i  *  ;  I  .  ••  J  .  ,  ;j  ’.T  '  i  "  V  •'  7  )  :  1  ,•  J  IT  f  .f  •  ' 

5  j  Philadelphia,  Feb *  4,.  1753* 

Read  at  the  Royal  “T  Ought  to  have  written  to  you,  long 

1  fince,  in  anfwer  to  yours  of  October 
16,  concerning  the  water-fpout;  but 
bufinefs  partly,  and  partly  a  defire  of  procuring  further  in¬ 
formation,  by  enquiry  among  my  fea-faring  acquaintance, 
induced  me  to  poflpone  writing,  from  time  to  time,  till 
I  am  now  almoft  afhamed  to  refume  the  fubjedt,  not 
knowing  but  you  may  have  forgot  what  has  been  faid 

upon  it.  - 

Nothing,  certainly,  can  be  more  improving  to  a  fearch- 
cr  into  nature,  than  objedtions  judicioufly  made  to  his  o- 
pinion,  taken  up,  perhaps,  too  haftily :  For  fuch  objec¬ 
tions  oblige  him  to  re-ftudy  the  point,  confider  every  cir- 
cumftance  carefully,  compare  fadts,  make  experiments, 

weigh  arguments,  and  be  flow  in  drawing  conclufions. 

And 
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And  hence  a  fure  advantage  refults  ;  for  he  either  con¬ 
firms  a  truth,  before  too  (lightly  fupported  ;  or  difcovers 
an  error,  and  receives  inftrudtion  from  the  objedtor. 

In  this  view  I  confider  the  objedtions  and  remarks  you 
fent  me,  and  thank  you  for  them  fincerely  :  But,  how 
much  foever  my  inclinations  lead  me  to  Philofophical  in¬ 
quiries,  I  am  fo  engaged  in  bufinefs,  public  and  private, 
that  thofe  more  pleating  purfuits  are  frequently  interrupt¬ 
ed,  and  the  chain  of  thought,  necefiary  to  be  clofely  con¬ 
tinued  in  fuch  difquifitions,  fo  broken  and  disjointed,  that 
it  is  with  difficulty  I  fatisfy  myfelf  in  any  of  them  :  And 
I  am  now  not  much  nearer  a  conclufion,  in  this  matter  of 
the  fpout,  than  when  I  firfi:  read  your  letter. 

Yet,  hoping  we  may,  in  time,  lift  out  the  truth  be¬ 
tween  us,  I  will  fend  you  my  prefent  thoughts,  with  fome 
obfervations  on  your  reafons,  on  the  accounts  in  the 
cTranfa5Uons,  and  on  other  relations  I  have  met  with.  Per¬ 
haps,  while  I  am  writing,  fome  new  light  may  ftrike  me, 
for  I  fhall  now  be  obliged  to  confider  the  fubjedt  with  a 
little  more  attention. 

I  agree  with  you,  that,  by  means  of  a  vacuum  in  a 
whirlwind,  water  cannot  be  fuppofed  to  rife  in  large 
maffes  to  the  region  of  the  clouds  ;  for  the  preffure  of 
the  furrounding  atmofphere  could  not  force  it  up  in  a  con¬ 
tinued  body,  or  column,  to  a  much  greater  height  than 
thirty  feet.  But,  if  there  really  is  a  vacuum  in  the  cen¬ 
ter,  or  near  the  axis  of  whirlwinds,  then,  I  think,  water 

may 
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may  rife  ill  fuch  vacuum  to  that  height,  or  to  lets  height, 

as  the  vacuum  may  be  lefs  perfect. 

I  had  not  read  Stuart’ s  account,  in  the  ‘TranfaStions , 
for  many  years,  before  the  receipt  of  your  letter,  and 
had  quite  forgot  it  ;  but  now,  on  viewing  his  draughts, 
and  confidering  his  defections,  I  think  they  feem  to  fa¬ 
vour  my  bypothefu ;  for  he  defcribes  and  draws  columns 
of  water,  of  various  heights,  terminating  abruptly  at  the 
top,  exactly  as  water  would  do,  when  forced  up  by  the 
preffure  of  the  atmofphere,  into  an  exhaufted  tube. 

I  mud,  however,  no  longer  call  it  my  hypothecs,  fince  I 
find  Stuart  had  the  fame  thought,  though  iomewhat  ob- 
fcurely  expreffed,  where  he  fays  “  he  imagines  tnis  phae- 
«  nomenon  may  be  folv’d  by  fusion  (improperly  fo  call- 
“  ed)  or  rather  pulfion,  as  in  the  application  of  a  cup¬ 
ping  glafs  to  the  flefh,  the  air  being  firft  voided  by  the 


“  kindled  flax, 
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In  my  paper,  I  fuppofed  a  whirlwind  and  a  fpout  to  be 
the  fame  thing,  and  to  proceed  from  the  lame  caute  ; 
the  only  difference  between  them  being,  that  me  one 
paflfes  over  land,  the  other  over  water.  I  find,  alio,  m 
the  TranfaStions,  that  M.  de  la  Pryme  was  of  the  fame  o- 
pinion  ;  for  he  there  defcribes  two  fpouts,  as  no  calls 
them,  which  were  feen  at  different  times,  at  Hatfield  m 
Yorkfhire ,  whofe  appearances  in  the  air  were  the  fame 
with  thofe  of  the  fpouts  at  fea,  and  effeds  the  fame  with 
thofe  of  real  whirlwinds. 


Whirl- 


Whirlwinds  have,  generally,  a  progreffive,  as  well  as  a 
circular  motion  ;  To  had  what  is  called  the  fpout,  at 
Topjham — ( See  the  account  of  it  in  the  Tranfattions)— 
which  alfo  appears,  by  its  effects  defcribed,  to  have  been 
a  real  whiilwind.  Water- fpouts  have,  alfo,  a  progreffive 
motion  5  this  is  fometimes  greater,  and  fometimes  lefs  5  in 
fome  violent,  in  others  barely  perceivable.  The  whirls 
wind  at  W arrington  continued  long  in  Acrement-Clofe . 

Whirlwinds  generally  arife  after  calms  and  great  heats : 
The  fame  is  obferved  of  water-fpouts,  which  are,  there¬ 
fore,  molt  frequent  in  the  warm  latitudes.  The  fpout 
that  happened  in  cold  weather,  in  the  Downs  3  defcri¬ 
bed  by  Mr  Gordon  in  the  Tranfaffions ,  was,  for  that  rea- 
lon,  thought  extiaordinary ;  but  he  remarks  withal,  that 
the  weathei,  thougn  cold  when  the  fpout  appeared,  was 
foon  after  much  colder  $  as  we  find  it,  commonly,  lefs 
warm  after  a  whirlwind. 

agree,  that  the  wind  blows  every  way  towards  a 
whirlwind,  fiom  a  large  fpace  round.  An  intelligent 
whaleman  of  Nantucket,  informed  me,  that  three  of  their 
veffds,  which  were  out  in  fearch  of  whales,  happening 
to  be  becalmed,  lay  in  fight  of  each  other,  at  about  a 
league  diftance,  if  I  remember  right,  nearly  forming  a 
triangle  :  After  fome  time,  a  water-fpout  appeared  near  the 
middle  of  the  triangle,  when  a  brifk  breeze  of  wind  fprung 
up,  and  every  vefTel  made  fad  $  and  then  it  appeared  to  them 
all,  by  the  fetting  of  the  fails,  and  the  courfe  each  veflel 
flood,  that  the  fpout  was  to  tne  leeward  of  every  one  of 

&  S  them  : 

& 
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them  ;  and  they  all  declared  it  to  have  been  fo,  when 
they  happened  afterwards  in  company,  and  came  to  con¬ 
fer  about  it.  So  that  in  this  particular  likewife,  whirl¬ 
winds  and  water-fpouts  agree. 

But,  if  that  which  appears  a  water- fpout  at  fea,  does 
fometimes,  in  its  progreflive  motion,  meet  with  and  pafs 
over  land,  and  there  produce  all  the  phenomena  and  ef¬ 
fects  of  a  whirlwind*  it  Ihould  thence  feem  ftill  more  evL* 
dent,  that  a  whirlwind  and  a  fpout  are  the  fame.  I  fend 
you,  herewith,  a  letter  from  an  ingenious  phyfician 
of  my  acquaintance,  which  gives  one  inftance  of  this* 

that  fell  within  his  obfervation. 

A  fluid,  moving  from  all  points  horizontally,  towards 
a  center,  mufl,  at  that,  center,  either  afcend  or  defcend. 
Water  being  in  a  tub*  if  a  hole  be  opened:  in  the  middle 
of  the  bottom,  will  flow  from  all  fides  to  the  center,  and 
there  defcend  in  a  whirl.  But,  air  flowing  on  and  near 
the  furface  of  land  or  water,  from  all  fides,  towards  a  cen¬ 
ter,  mult,  at  that  center,  afcend  *  the  land  or  water  hin¬ 
dering  its  defcento 

If  thefe  concentring  currents  of  air  be  in  the  upper  re¬ 
gion,  they  may,  indeed,  defcend  in  the  fpout  or  whirl¬ 
wind  y  but  then,  when  the  united  current  reached  the 
earth  or  water,  it  would  fpread,  and*  probably,  blow  eve¬ 
ry  way  from  the  center.  There  may  be  whirlwinds  of 
both  kinds,  but,  from  the  commonly  obferved,  effedls,  I 

jt 

fufpedl  the  riling  one  to  be  the  molt  common  :  When  the 
upper  air  defcends,  it  is,  perhaps*  in  a  greater  body,  ex¬ 
tending 
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tending  wider,  as  in  our  thunder-gufts,  and  without  much 
whirling  ;  and,  when  air  defeends  in  a  fpout,  or  whirl- 
wind,  I  fhould  rather  exped  it  would  prefs  the  roof  of 
a  houfe  inwards ,  or  force  in  the  tiles,  Ihingles,  or  thatch, 
force  a  boat  down  into  the  water,  or  a  piece  of  timber  in¬ 
to  the  earth,  than  that  it  would  lift  them  up,  and  carry 
them  away. 

It  has  fo  happened,  that  I  have  not  met  with  any  ac- 
counts  of  /pouts,  that  certainly  defeended  I  fufped  they 
are  not  frequent,  Pleafe  to  communicate  thole  you  men¬ 
tion.  The  apparent  dropping  of  a  pipe  from  the  clouds 

towards  the  earth  or  fea,  I  will  endeavour  to  explain  here* 
after. 

The  augmentation  of  the  cloud,  which,  as  I  am  in¬ 
formed,  is  generally,  if  not  always  the  cafe,  during  a  Ipout, 
fee  ms  to  fhew  an  afeent*  rather  than  a  defeent  of  the  mat¬ 
ter  of  which  fuch  cloud  is  compofed  ;  for  a  defeending 
fpout,  one  would  exped,  fhould  diminilh  a  cloud.  I 
own,  however,  that  cold  air  defeending,  may,  by  con- 
denfing  the  vapours  in  a  lower  region,  form  and  increafe 
clouds  $  which,  I  think,  is  generally  the  cafe  in  our 

common  thunder-gufts,  and,  therefore,  do  not  lay  great 
ftrefs  on  this  argument. 

Whirlwinds,  and  (pouts,  are  not  always,  though  moll 
commonly,  in  the  day  time.  The  terrible  whirlwind 
which  damaged  a  great  part  of  Rome,  June  11,  1749, 
happened  in  the  night  of  that  day.  The  fame  was  fup- 
pofed  to  have  been  firft  a  fpout,  for  it  is  faid  to  be  beyond 

G  g  2  doubt, 
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doubt,  that  it  gathered  in  the  neighbouring  fea,  as  it 
could  be  tracked  from  QJlia  to  Rome .  I  find  this  in  Pern 
BofchovicRs  account  of  it,  as  abridg’d  in  the  Monthly  Re - 
■view  for  December  1750. 

In  that  account,  the  whirlwind  is  faid  to  have  appear¬ 
ed  as  a  very  black,  long,  and  lofty  cloud,  difcoverable, 
notwithstanding  the  darknefs  of  the  night,  by  its  conti¬ 
nually  lightning  or  emitting  dailies  on  all  fides,  pufhing 
along  with  a  furprizing  fwiftnefs,  and  within  three  or 
four  feet  of  the  ground.  Its  general  effedts  on  houfes, 
were,  ftripping  off  the  roofs,  blowing  away  chimneys, 
breaking  doors  and  windows,  forcing  up  the  floors ,  and 
unpaving  the  rooms ,  (fome  of  thefe  effedts  feem  to  a- 
gree  well  with  a  fuppofed  vacuum  in  the  center  of  the 
whirlwind)  and  the  very  rafters  of  the  houfes  were  broke 
and  difperfed,  and  even  hurled  againft  houfes  at  a confide- 
rable  diftance,  &e. 

It  feems,  by  an  expreffion  of  Pere  BofcbovicRs,  as  if 
the  wind  blew  from  all  fides  towards  the  whirlwind  $  for, 
having  carefully  obferved  its  effedts,  he  concludes  of  all 
whirlwinds,  <c  that  their  motion  is  circular,  and  their  ac~ 

tion  attractive.” 

fc _  m 

He  obferves,  on  a  number  of  hifiories  of  whirlwinds, 
<c  that  a  common  effedt  of  them  is,,  to  carry  up  into 
cc  the  air  tiles,  hones,  and  animals  themfelves,  which  hap- 
€<  pen  to  be  in  their  courfe,  and  all  kinds  of  bodies  unex- 
4i  ceptioxiably,  throwing  them  to  a  confiderable  diftance, 
•  “  with 


€s  with  great  impetuo^lty.’,  Such  effeds  feem  to  fliew  a 
rifing  current  of  air. 

I  will  endeavour  to  explain  my  conceptions  of  this  mat¬ 
ter  by  figures,  reprefenting  a  plan  and  an  elevation  of  a 
fpout  or  whirlwind. 

I  would  only  firft  beg  to  be  allowed  two  or  three  po- 
fitions,  mentioned  in  my  former  paper. 

1.  That  the  lower  region  of  air  is  often  more  heated* 
and  fo  more  rarified,  than  the  upper  ;  confequently,  fpeci- 
fically  lighter.  The  coldnefs  of  the  upper  region  is  ma~ 
nifefted  by  the  hail  which  fometimes  falls  from  it  in  a  hot 
day. 

2.  That  heated  air  may  be  very  moift,  and  yet  the 
moifture  fo  equally  diffus’d  and  ratified,  as  not  to  be  vi~ 
iible,  till  colder  air  mixes  with  it,  when  it  condenfes,  and 
becomes  vifible.  Thus  our  breath*  invifible  in  fummeq, 
becomes  vifible  in  winter. 

>  2  ■  •  '  .  .  .  :  .  •  •  ?  s  •  i  i  •  •  -  •’  ■  • 

Now,  let  us  fuppofe  a  trad  of  land*  or  fea,  of  perhaps 
fixty  miles  fquare,  unfcreened  by  clouds*  and  unfanned  by 
winds,  during  great  part  of  a  fu  miner’s  day,  or,  it  may 
be,  for  feveral  days  fuccefijvely,  till  it  is  violently  heated* 
together  with  the  lower  region  of  air  in  contad  with  it* 
fo  that  the  faid  lower  air  becomes  fpecifically  lighter  than 
the  fuperincumbent  higher  region  of  the  atmofphere,  in 
which  the  clouds  commonly  float :  Let  us  fuppofe,  alfo* 
that  the  air  furrounding  this  trad  has  not  been  fo  much 

.  :  I  .  '  ;  >  >  '  \  *  .  "i  ’  '  I  • 

heated  during  thofe  days,  and,  therefore,  remains  heavier. 
The  confequence  of  this  fhould  be,  as  I  conceive,  that  the 

heated 
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heated  lighter  air,  being  prefTed  on  all  fides,  muft  afeend, 
and  the  heavier  defcend  -y  and,  as  this  rifing  cannot  be  in 
all  parts,  or  the  whole  area  of  the  trad:  at  ©nee,  for  that 
would  leave  too  extenfive  a  vacuum,  the  rifing  will  begin 
precifely  in  that  column  that  happens  to  be  the  lighteft, 
or  moil  rarified  ;  and  the  warm  air  will  flow  horizontally 
from  all  points  to  this  column,  where  the  feveral  currents 
meeting,  and  joining  to  rife,  a  whirl  is  naturally  formed, 
in  the  fame  manner  as  a  whirl  is  formed  in  the  tub  of 
water,  by  the  defeending  fluid  flowing  from  all  fides  of 
the  tub,  to  the  hole  in  the  center. 

And,  as  the  feveral  currents  arrive  at  this  central  rifing 
column,  with  a  confiderable  degree  of  horizontal  motion, 
they  cannot  fuddenly  change  it  to  a  vertical  motion  ; 
therefore,  as  they  gradually,  in  approaching  the  whirl, 
decline  from  right  to  curve  or  circular  lines,  fo,  having 
joined  the  whirl,  they  afeend  by  a  fpiral  motion  $  in  the 
fame  manner  as  the  water  defeends  fpirally  through  the 
hole  in  the  tub  before- mentioned. 

Laftly,  as  the  lower  air,  and  neareft  the  furface,  is 
moft  rarified  by  the  heat  of  the  fun,  that  air  is  moft  aded 
on  by  the  preffure  of  the  furrounding  cold  and  heavy  air, 
which  is  to  take  its  place  ;  consequently,  its  motion  to¬ 
wards  the  whirl  is  fwifteft,  and  fo  the  force  of  the  lower 
part  of  the  whirl,  or  trump,  ftrongeft,  and  the  centrifu¬ 
gal  force  of  its  particles  greateft  j  and  hence  the  vacuum 
round  the  axis  of  the  whirl  fhould  be  greateft  near 
the  earth  or  fea,  and  be  gradually  diminished  as  it  ap¬ 
proaches 
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proaches  the  region  of  the  clouds,  till  it  ends  in  a  point 
as  at  A  in  Fig.  II.  forming  a  long  and  fharp  cone. 

In  Fig.  I.  which  is  a  plan  or  ground-plat  of  a  whirl* 
wind,  the  circle  V.  reprefents  the  central  vacuum. 


Between  aacicL  and  bbbb  I  fuppofe  a  body  of  air  con- 
denfed  ftrongly  by  the  prefTure  of  the  currents  moving  to¬ 
wards  it,  from  all  fides  without,  and  by  its  centrifugal 
force  from  within  3  moving  round  with  prodigious  fwift- 
nefst  (having,  as  it  were,  the  momenta  of  all  the  currents 

.  - >  >  > - > 

united  in  itfelf)  and  with  a  power  equal  to  its  fwiftnefs  and 

denfity. 


It  is  this  whirling  body  of  air  between  aaaa  and  bbbb 
that  rifes  fpirally ;  by  its  force  it  tears  buildings  to  pieces, 
fcwifts  up  great  trees  by  the  roots,  &c.  and,  by  its  fpiral 
motion,  raifes  the  fragments  fo  high,  till  the  prefTure  of 
«.he  furrounding  and«  approaching  currents  diminifhing, 
can  no  longer  confine  them  to  the  circle ;  or  their  own 
centrifugal  force  encreafing,  grows  too*  firong  for  fuch 

prefTure,  when  they  fly  off  in  tangent  lines,  as  fiones  out 
of  a  fling,  and  fall  on  all  fides,  and  at  great  diftances. 

If  it  happens  at  fea,  the  water  under  and  between 
aaaa  and  bbbo  will  be  violently  agitated  and  driven 
about,  and  parts  of  it  raifed  with  the  fpiral  current,  and 
thrown  about,  fo  as  to  form  a  bufh  like  appearance. 

This  circle  is  of  various  diameters,  fometimes  very  large. 

If  the  vacuum  pafles  over  water,  the  water  may  rife  in 
it  in  a  body,  or  column,  to  near  the  height  of  thirty*. two  feet. 


If 
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If  it  paffes  over  houfes,  it  may  burft  their  windows  or 
walls  outwards,  pluck  off  the  roofs,  and  pluck  up  the 
floors,  by  the  fudden  rarefadion  of  the  air  contained  with¬ 
in  fuch  buildings ;  the  outward  preffure  of  the  atmofphere 
being  fuddenly  taken  off:  So  the  flopp’d  bottle  of  air  burfts 
under  the  exhaufted  receiver  of  the  air-pump. 

Fig.  II.  is  to  reprefent  the  elevation  of  a  water-fpout, 
wherein,  I  fuppofe  P  P  P  to  be  the  cone,  at  firft  a  va¬ 
cuum,  till  W  W,  the  rifing  column  of  water,  has  filled 
fo  much  of  it.  S  S  S  8,  the  fpiral  whirl  of  air  furround¬ 
ing  the  vacuum,  and  continued  higher  in  a  clofe  column 
after  the  vacuum  ends  in  the  point  P,  till  it  reaches  the 
cool  region  of  the  air.  B  B,  the  bufh  defcribed  by  Stu¬ 
art,  furrounding  the  foot  of  the  column  of  water. 

Now,  I  fuppofe  this  whirl  of  air  will,  at  firft,  be  as 
invifible  as  the  air  itfelf,  though  reaching,  in  reality,  from 
the  water,  to  the  region  of  cool  air,  in  which  our  low 
fummer  thunder-clouds  commonly  float  •>  but  prefently 
it  will  become  vifible  at  its  extremities.  At  its  lower  end , 
by  the  agitation  of  the  water,  under  the  whirling  part  of 
the  circle,  between  P  and  S,  forming  Stuart's  bufh,  and 
by  the  fwelling  and  rifing  of  the  water,  in  the  beginning 
vacuum,  which  is,  at '  firft,  a  firiall,  low,  broad  cone, 
whofe  top  gradually  rifes  and  fharpens,  as  the  force  of  the 
whirl  encreafes.  At  its  upper  end  it  becomes  vifible,  by 
the  warm  air  brought  up  to  the  cooler  region,  where  its 
moifture  begins  to  be  condenfed  into  thick  vapour,  by  the 
cold,  and  is  feen  firft  at  A,  the  higheft  part,  which  be- 

ing 
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being  now  cooled,  condenfes  what  rifes  next  at  B,  which 
condenfes  that  at  C,  and  that  condenfes  what  is  rifing  at 
D,  the  cold  operating  by  the  contact  of  the  vapours  falt¬ 
er  in  a  right  line  downwards,  than  the  vapours  themfelves 
can  climb  in  a  Ipiral  line  upwards  $  they  climb,  however, 
and  as  by  continual  addition  they  grow  denfer,  and,  con- 
fequently,  their  centrifugal  force  greater,  and  being  rifen  a- 
bove  the  concentrating  currents  that  compofe  the  whirl, 
they  fly  off,  fpread,  and  form  a  cloud. 

It  feems  eafy  to  conceive,  how,  by  this  fucceflive  con- 
denfation  from  above,  the  fpout  appears  to  drop  or  de¬ 
fend  from  the  cloud,  though  the  materials  of  which  it  is 
compofed  are  all  the  while  afcending. 

The  condenfation  of  the  moifture  contained  in  Co  great 
a  quantity  of  warm  air  as  may  be  fuppofed  to  rife  in  a 
fhort  time  in  this  prodigioufly  rapid  whirl,  is,  perhaps, 
fufficient  to  form  a  great  extent  of  cloud,  though  the  fpout 
fhould  be  over  land,  as  thofe  at  Hatfield ;  and  if  the  land 
happens  not  to  be  very  dully,  perhaps  the  lower  part  of 
the  fpout  will  fcarce  become  vifible  at  all  j  though  the 
upper,  or  what  is  commonly  called,  the  defcending  part, 
be  very  diftin&ly  feen.  ~  ' 

.  The  fame  may  happen  at  fea,  in  cafe  the  whirl  is  not 
violent  enough  to  make  a  high  vacuum,  and  raife  the  co¬ 
lumn,  &c.  In  fuch  cafe,  the  upper  part  A  B  C  D  only 
will  be  vifible,  and  the  bufh,  perhaps,  below. 

But  if  the  whirl  be  flrong,  and  there  be  much  dull 
on  the  land,  and  the  column  W  W  be  railed  from  the  wa- 

^  h  ter. 
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ter,  then  the  lower  part  becomes  vifible,  and  fometimes 
even  united  to  the  upper  part.  For  the  dull  may  be  car¬ 
ried  up  in  the  fpiral  whirl,  till  it  reach  the  region  where 
the  vapour  is  condenfed,  and  rile  with  that  even  to  the 
clouds  :  And  the  fridion  of  the  whirling  air,  on  the  Tides 
of  the  column  W  W,  may  detach  great  quantities  of  its 
water,  break  it  into  drops,  and  carry  them  up  in  the  fpi¬ 
ral  whirl  mixed  with  the  air  ;  the  heavier  drops  may, 
indeed,  fly  off,  and  fall,  in  a  Ihower,  round  the  fpout ; 
but  much  of  it  will  be  broken  into  vapour,  yet  vifible 
and  thus,  in  both  cafes,  by  duft  at  land,  and,  by  water  at 
fea,  the  whole  tube  may  be  darkened  and  rendered  viable. 

As  the  whirl  weakens,  the  tube  may  (in  appearance) 
feparate  in  the  middle ;  the  column  of  water  fubfiding, 
and  the  fuperior  condenfed  part  drawing  up  to  the  cloud. 
Yet  ftill  the  tube,  or  whirl  of  air,  may  remain  entire, 
the  middle  only  becoming  invifible,  as  not  containing  vi¬ 
fible  matter. 

Dr  Stuart  fays,  *  It  was  obfervable  of  all  the  fpouts 
*  he  faw,  but  more  perceptible  of  the  great  one  j  that, 
s  towards  the  end,  it  began  to  appear  like  a  hollow  canal, 
«  only  black  in  the  borders,  but  white  in  the  middle  j 
<  and  though  at  firft  it  was  altogether  black  and  opaque, 
«  yet,  now,  one  could  very  diftindhy  perceive  the  fea- 
«  water  to  fly  up  along  the  middle  of  this  canal,  as  fmoak 

4  Mp  a  chimney/ 

And  Dr  Mather,  deferring  a  whirlwind,  fays,  ‘  a 
«  thick  dark  fmall  cloud  arofe,  with  a  pillar  of  light  in 


4  it,  of  about  eight  or  ten  feet  diameter,  and  pafled  a- 
4  long  the  ground  in  a  trad  not  wider  than  a  ftreet,  hor- 
4  ribly  tearing  up  trees  by  the  roots,  blowing  them  up  in 
*  the  air  like  feathers,  and  throwing  up  ftones  of  great 
€  weight  to  a  considerable  height  in  the  air,  &c.’ 
r  Thefe  accounts,  the  one  of  water-fpouts,  the  other  of 
a  whirlwind,  feem,  in  this  particular,  to  agree  $  what  one 
Gentleman  delcribes,  as  a  tube,  black  in  the  borders,  and 
white  in  the  middle,  the  other  calls  a  black  cloud,  with 
a  pillar  of  light  in  it ;  the  latter  expreffion  has  only  a 
little  more  of  the  marvellous ,  but  the  thing  is  the  fame  ; 
and  it  feems  not  very  difficult  to  underftand.  When  Dr 
Stuart's  fpouts  were  full  charged,  that  is,  when  the  whirling 
pipe  of  air  was  filled  between  a  a  a  a  and  b  bbb,  Fig.  I. 
with  quantities  of  drops,  and  vapour  torn  off  from  the  co¬ 
lumn  W  W,  Fig,  II.  the  whole  was  rendered  fo  dark,  as 
that  it  could  not  be  feen 
through,  nor  the  fpiral  a- 
fcending  motion  difco- 
vered  ;  but  when  the 
quantity  afcending  leffen- 
ed,  the  pipe  became  more 
tranfparent,  and  the  a- 
fcending  motion  vifible. 

For,  by  infpedtion  of  this 
figure  in  the  margin,  re- 
prefenting  a  fedtion  of  our  fpout,  with  the  vacuum  in  the 
middle,  it  is  plain  that  if  we  look  at  fuch  a  hollow  pipe  in 
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the  diredlion  of  the  arrows,  and  fuppofe  opaque  particles  t© 
be  equally  mix’d  in  the  fpace  between  the  two  circular  lines,, 
both  the  part  between  the  arrows  a  and  b>  and  that  between 
the  arrows  c  and  d,  will  appear  much  darker  than  that 
between  b  and  c,  as  there  muft  be  many  more  of  thofe 
opaque  particles  in  the  line  of  vifion  acrofs  the  fides,  than 
acrofs  the  middle.  It  is  thus  that  a  hair  in  a  microfcope- 
evidently  appears  to  be  a  pipe,  the  fides  Ihewing  darker 
than  the  middle.  Dr  Mather’ s  whirl  was  probably  filled' 
with  duftj  the  fides  were  very  dark,  but  the  vacuum 
within  rendering  the  middle  more  tranfparent,  he  calls  it: 
a  pillar  of  light. 

It  was  in  this  more  tranfparent  part,  between  b  and  c, 
that  Stuart  could  fee  the  fpiral  motion  of  the  vapours, 
whofe  lines  on  the  neareft  and  fartheft  fide  of  the  tran¬ 
fparent  part  eroding  each  other,  reprefented  fmoak  af- 
cending  in  a  chimney  ;  for  the  quantity  being  ftill  too 
great  in  the  line  of  fight  through  the  fides  of  the  tube, 
the  motion  could  not  be  difeovered  there,  and  fo  they  re¬ 
prefented  the  folid  fides  of  the  chimney. 

When  the  vapours  reach  in  the  pipe  from  the  clouds 
near  to  the  earth,  it  is  no  wonder  now  to  thofe  who  un- 
derftand  Eledtricity,  that  flalhes  of  lightning  fhould  de- 
feend  by  the  fpout  as  in  that  at  Rome . 

But  you  objedt,  If  water  may  be  thus  carried  into  the 
clouds,  why  have  we  no  fait  rains  ?  The  objection  is 
ftrong  and  reafonable,  and  I  know  not  whether  I  can  an- 
fwer  it  to  your  fatisfadtion.  t  never  heard  but  of  one  fait 

rain,. 
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rain,  and  that  was  where  a  fpout  paffed  pretty  near  a 
fhip,  fo  I  fuppofe  it  to  be  only  the  drops  thrown  off 
from  the  fpout,  by  the  centrifugal  force  (as  the  birds  were 
at  Hatfield)  when  they  had  been  carried  fo  high  as  to  be 
above,  or  to  be  too  flrongly  centrifugal  for,  the  preffure 
of  the  concurring  winds  furrounding  it :  And,  indeed,  I 
believe  there  can  be  no  other  kind  of  fait  rain  ;  for  it  has 
pleafed  the  goodnefs  of  God  fo  to  order  it,  that  the  parti¬ 
cles  of  air  will  not  attrad:  the  particles  of  fait,  though 
they  ftrongly  attract  water* 

Hence,  though  all  metals,  even  gold,  may  be  united 
with  air,  and  rendered  volatile,  fait  remains  fixt  in  the 
fire,,  and  no  heat  can  force  it  up  to  any  confiderable 
height,  or  oblige  the  air  to  hold  it.  Hence,  when  fait 
rifes,  as  it  will  a  little  way,  into  air  with  water,  there  is 
inftantly  a  reparation  made  ;  the  particles  of  water  adhere 
to  the  air,  and  the  particles  of  fait  fall  down  again,  as  if 
repelled  and  forced  off  from  the  water  by  fome  power  in 
the  air  ;  or,  as  fome  metals  diffolved  in  a  proper  menftru- 
um,  will  quit  the  folvent  when  other  matter  approaches, 
and  adhere  to  that,  fo  the  water  quits  the  fait,  and  em¬ 
braces  the  air  ;  but  air  will  not  embrace  the  fait,  and 
quit  the  water,  otherwife  our  rains  would  indeed  be  fait, 
and  every  tree  and  plant  on  the  face  of  the  earth  be  de- 
ftroyed,  with  all  the  animals  that  depend  on  them  for 
lubfiftence.  • — -  He  who  hath  proportioned  and  given 
proper  qualities  to  all  things,  was  not  unmindful  of  this. 
Let  us  adore  Him  with  praife  and  thankfgiving  ! 
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By  fome  accounts  of  Teamen,  it  feems  the  column  of 
water  W  W,  fometimes  fails  fuddenly ;  and  if  it  be,  as 
fome  fay,  fifteen  or  twenty  yards  diameter,  it  muft  fall 
with  great  force,  and  they  may  well  fear  for  their  fhips. 
By  one  account,  in  the  Tranfaffiions ,  of  a  fpout  that  fell 
at  Colne  in  Lancafhire ,  one  would  think  the  column  is 
fometimes  lifted  off  from  the  water,  and  carried  over  land* 
and  there  let  fall  in  a  body  $  but  this,  I  fuppofe,  happens 
rarely.  ~  4  -  %  4  4t  • 

Stuart  defcribes  his  fpouts  as  appearing  no  bigger  than 
a  malt,  and  fometimes  lefs ;  but  they  were  feen  at  a  league 
and  a  half  diftance. 

I  think  T  formerly  read  in  Dampier ,  or  fome  other 
voyager,  that  a  fpout,  in  its  progreffive  motion,  went  o- 
ver  a  fhip  becalm’d,  on  the  coaft  of  Guinea ,  and  firft  threw 
her  down  on  one  fide,  carrying  away  her  fore -mart,  then 
fuddenly  whipp’d  her  up,  and  threw  her  down  on  the  o- 
ther  fide,  carrying  away  her  mizen-maft,  and  the  whole 
was  over  in  an  in  flan  t.  I  fuppofe  the  firft  mifchief  was 
done  by  the  fore-fide  of  the  whirl,  the  latter  by  the  hin¬ 
der  fide,  their  motion  being  contrary. 

I  fuppofe  a  whirlwind,  or  fpout,  may  be  ftationary, 
when  the  concurring  winds  are  equal  $  but  if  unequal,  the 
whirl  acquires  a  progreffive  motion,  in  the  direction  of  the 
ftrongeft  preffure. 

When  the  wind  that  gives  the  progreffive  motion,  be¬ 
comes  ftronger  below  than  above,  or  above  than  below, 
the  fpout  will  be  bent,  and  the  caufe  ceafing,  ftraiten  a- 
gain. 


Your 
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Your  Queries,  towards  the  end  of  your  paper,  appear 
judicious,  and  worth  confidering.  At  prefent  I  am 
not  furnilhed  with  fads  fufficient  to  make  any  pertinent 
anfwer  to  them  >  and  this  paper  has  already  a  fufficient 
quantity  of  conjecture. 

Your  manner  of  accommodating  the  accounts  to  your 
hypothefis  of  defending  fpouts,  is,  I  own,  ingenious ;  and 
perhaps  that  hypothecs  may  be  true.  I  will  confxder  it 
farther,  but,  as  yet,  I  am  not  fatisfied  with  it,  though  here¬ 
after  I  may  be. 

Here  you  have  my  method  of  accounting  for  the  prin¬ 
cipal  phenomena,  which  I  fubmit  to  your  candid  exami¬ 
nation. 

And  as  I  now  feem  to  have  almoft  written  a  book,  in- 
ftead  of  a  letter,  you  will  think  it  high  time  I  Ihould  con¬ 
clude  j  which  I  beg  leave  to  do,  with  alluring  you  that 

'  ..  / 

1  am,  Sir ,  &c. 

B.  F. 
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LETTER  XXI 


From  Do&or  M. - r, 

t  o 


Benjamin  Franklin,  Efq;  at  Philadelphia, 


New-Brunfwick ,  November  n,  1752. 

A  M  favoured  with  your  letter  of  the 
2d  inftant,  and  fhall,  with  pleafure, 
comply  with  your  requeft,  in  defcrib- 
ing  (as  well  as  my  memory  ferves  me)  the  water-fpout  I 
faw  at  Antigua  ;  and  fhall  think  this,  or  any  other  fervice 
I  can  do,  well  repaid,  if  it  contributes  to  your  fatisfadtion  in 


SIR, 


Read  at  the  Royal 
Society,  June 
*4>  *756' 


fo  curious  a  difquifition. 

I  had  often  feen  water-fpouts  at  a  diftance,  and  heard 
many  ftrange  ftories  of  them,  but  never  knew  any  thing 
fatisfattory  of  their  nature  or  caufe,  until  that  which  I  faw 
at  Antigua ;  which  convinced  me  that  a  water-fpout  is  a 
whirlwind,  which  becomes  viiible  in  all  its  dimenfions  by 

the  water  it  carries  up  with  it. 

There  appeared,  not  far  from  the  mouth  of  the  harbour 

of  St  John’s,  two  or  three  water-fpouts,  one  of  which 

took 
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took  its  courfe  up  the  harbour.  Its  progreffive  motion 
was  flow  and  unequal,  not  in  a  ftrait  line,  but,  as  it  were, 
by  jerks  or  ftarts.  When  juft  by  the  wharffl  ftood  about 
100  yards  from  it.  There  appeared  in  the  water  a  circle 
of  about  twenty  yards  diameter,  which,  to  me,  had  a 
dreadful,  though  pleafing  appearance.  The  water  in  this 
circle  was  violently  agitated,  being  whifked  about,  and 
carried  up  into  the  air  with  great  rapidity  and  noife,  and 
reflected  a  luftre,  as  if  the  fun  fhined  bright  on  that  fpot, 
which  was  more  confpicuous,  as  there  appeared  a  dark 
circle  around  it.  When  it  made  the  fhore,  it  carried  up 
with  the  fame  violence  thingles,  ftaves  *  large  pieces  of 
the  roofs  of  houfes,  &c.  and  one  fmall  wooden  houfe  it 
lifted  entire  from  the  foundation  on  which  it  ftood,  and 
carried  it  to  the  diftance  of  fourteen  feet,  where  it  fettled 
without  breaking  or  overfetting  ;  and,  what  is  remarka¬ 
ble,  though  the  whirlwind  moved  from  Weft  to  Eaft,  the 
houfe  moved  from  Eaft  to  Weft.  Two  or  three  Negroes 
and  a  white  woman,  were  killed  by  the  fall  of  timber, 
which  it  carried  up  into  the  air,  and  dropt  again.  After 
paffing  through  the  town,  I  believe  it  was  foon  diflipated  5 
for,  except  tearing  a  large  limb  from  a  tree,  and  part  of  the 
cover  of  a  fugar-work  near  the  town,  I  do  not  remember 
any  farther  damage  done  by  it.  I  conclude,  wifhing  you 
fuccefs  in  your  enquiry,  and  am,  &c.  W.  M. 

*  I  fuppofe  Singles,  ftaves,  timber,  and  other  lumber,  might  be  lying 

in  quantities  on  the  wharff,  for  fale,  as  brought  from  the  Northern 
colonies.  J3,  f  e 
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From  Doctor 


T  o 


,  of  Boft  onr 


. :  =.  Ti 


Benjamin  Franklin,,  Efq\  of  Philadelphia < 


S  I  R, 


Read  at  the  Roy¬ 
al  Society  July 
8,  1756* 


Bo/Ion ,  May  14,  1753* 

Received  your  letter  of  April  lafl,  and 
thank  you  for  it.  Several  things  in  it 
make  me  at  a  lofs  which  fide  the  truth, 
lies  on,  and  determine  me  to  wait  for  farther  evidence. 
As  to  {hooting  ftars,  as  they  are  called,  I  know  very 
little,  and  hardly  know  what  to  fay.  I  imagine  them  to 
be  paiTes  of  electric  fire  from  place  to  place  in  the  atmo- 
fphere,  perhaps  occafioned  by  accidental  preffures  of  a 
non-eleCtric  circumambient  fluid,  and  fo  by  propulfion,  or 
allicited  by  the  circumftance  of  a  diftant  quantity  minus 
electrified,  which  it  fhoots  to  fupply,  and  becomes  appa¬ 
rent  by  its  contracted  paffage  through  a  non-eleCtric  me* 
dium.  Eledtric  fire  in  our  globe  is  always  in  aCtion,  fome- 
times  afcending,  defcending,  or  pafiing  from  region  to  re¬ 
gion. 
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gion.  I  fuppofe  it  avoids  too  dry  air,  and  therefore  we 
never  fee  thefe  fhoots  afcend.  It  always  has  freedom  e- 
nough  to  pafs  down  unobferved,  but,  I  imagine,  not  al¬ 
ways  fo,  to  pafs  to  diftant  climes  and  meridians  lefs  ftored 
with  it. 

The  fhoots  are  fometimes  all  one  way,  which,  in  the 
laft  cafe,  they  Ihould  be. 

Poffibly  there  may  be  collections  of  particles  in  our  at- 
mofphere,  which  gradually  form,  by  attraction,  either 
fimilar  ones  per  fe ,  or  diffimilar  particles,  by  the  interven¬ 
tion  of  others.  But  then,  whether  they  fhoot  or  explode 
of  themfelves,  or  by  the  approach  of  fome  fuitable  foreign 
collection,  accidentally  brought  near  by  the  ufual  commo¬ 
tions  and  interchanges  of  our  atmofphere,  efpecially  when 
the  higher  and  lower  regions  intermix,  before  change  of 
winds  and  weather,  I  leave. 

I  believe  I  have  now  faid  enough  of  what  I  know  no¬ 
thing  about.  If  it  fhould  ferve  for  your  amufement,  or 
any  way  oblige  you,  it  is  all  I  aim  at,  and  fhall,.  at  your 
delire,  be  always  ready  to  fay  what  I  think,  as  I  am  fur$ 
of  your  candour,  - 

U .  c:  i  }  g 
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_  _  _ 

^  jubfequent  PAPER  from  the  fame . 


Head  at  the  Royal 
Society 
S,  1756. 


POUTS  have  been  generally  believed 
afcents  of  water  from  below,  to  the 
region  of  the  clouds,  and  whirlwinds 
the  means  of  conveyance.  The  world  has  been  very  well 
fatisfied  with  thcfe  opinions,  and  prejudiced  with  refpedt 
to  any  obfervations  about  them.  Men  of  learning  and  ca¬ 
pacity  have  had  many  opportunities  in  paffing  thofe  regi¬ 
ons  where  thefe  phenomena  were  moft  frequent,  but  feetn 
induftrioufiy  to  have  declined  any  notice  of  them,  unlefs 
to  efcape  danger,  as  a  matter  of  mere  impertinence  in  a 
cafe  fo  clear  and  certain  as  their  nature  and  manner  of 
operation  are  taken  to  be.  Hence  it  has  been  very  diffi¬ 
cult  to  get  any  tolerable  accounts  of  them.  None  but 
thofe  they  fell  near  can  inform  us  any  thing  to  be  depend¬ 
ed  qnj  three  or  four  fuch  inftailces  follow,  where  the  vef- 
fels  were  fo  near,  that  their  crews  could  not  avoid  know¬ 
ing  fomething  remarkable  with  refpedt  to  the  matters  in 
queftion. 

Capt.  John  Wakefield ,  junior,  paffing  the  Streights  of 
Gibraltar ,  had  one  fall  by  the  fide  of  his  fhip  j  it  came 
down  of  a  hidden,  as  they  think,  and  all  agree  the  de- 
fcent  was  certain. 

Capt 
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Capt.  Langftaff, \  on  a  voyage  to  the  Weft-Indies ,  had 
one  come  acrofs  the  ftern  of  his  veffel,  and  paffed  away 
from  him.  The  water  came  down  in  fuch  quantity  that 
the  prefent  Capt.  Melting ,  who  was  then  a  common 
failor  at  helm,  fays  it  almoft  drowned  him,  running  into 
his  mouthrnofe,  ears,  &c,  and  adds,  that  it  tafted  per¬ 
fectly  frefh. 

One  pafled  by  the  fide  of  Capt.  Howland's  fhip,  fo  near 
that  it  appeared  pretty  plain  that  the  water  defcended  from 
firft  to  laft. 

Mr  Robert  Spring  was  fo  near  one  in  the  Streights  of 
Mallacca ,  that  he  could  perceive  it  to  he  a  fmall  very  thick 
rain. 

AH  thefe  affure  me,  that  there  was  no  wind  drawing  to¬ 
wards  them,  nor  have  I  found  any  others  that  have  ob~ 
ferved  fuch  a  wind. 

It  feems  plain,  by  thefe  few  inftances,  that  whirhvinds 
do  not  always  attend  fpouts  ;  and  that  the  water  really  de» 
fcends  in  fome  of  them.  But  the  following  confiderati- 
on,  in  confirmation  of  this  opinion,  may,  perhaps,  ren¬ 
der  it  probable  that  all  fpouts  are  defcents. 

It  feems  unlikely  that  there  fhould  be  two  forts  of  fpouts, 
one  afcending  and  the  other  defcending. 

It  has  not  yet  been  proved  that  any  one  fpout  ever  a- 
fcended.  A  fpecious  appearance  is  all  that  canvbe  pro¬ 
duced  in  favour  of  this  5  and  thofe  who  have  been  mod 
pofitive  about  it,  were  at  more  than  a  league's  diflance 
when  they  obferved,  as  Stuart  and  others,  if  I  am  not 

miflaken 
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miftaken.  However,  I  believe  it  impoflible  to  be  certain 
whether  water  afcends  or  defcends  at  half  the  diftance. 

It  may  not  be  amifs  to  confider  the  places  where  they 
happen  moil.  Thefe  are  fucli  as  are  liable  to  calms  from 
departing  winds  on  both  fides,  as  on  the  borders  of  the 
iEquinoftial  trade,  calms  on  the  coafi  of  Guinea ,  in  the 
Str eights  of  Malacca ,  &c .  places  where  the  under  region 
of  the  atmofphere  is  drawn  off  horizontally.  I  think 
they  don’t  come  where  the  calms  are  without  departing 
winds ;  and  I  take  the  reafon  to  be,  that  fucb  places,  and 
places  where  winds  blow  towards  one  another,  are  liable 
to  whirlwinds,  or  other  afcents  of  the  lower  region,  which 

I  fuppofe  contrary  to  fpouts.  But  the  former  are  liable  to 

* 

defcents,  which  I  take  to  be  neceffary  to  their  production. 
Agreable  to  this,  it  feems  reafonable  to  believe,  that  any 
Mediterranean  fea  fhould  be  more  fubjedt  to  fpouts  than 

others.  The  fea  ufually  fo  called  is  fo.  The  Streigbts  of 
Malacca  is.  Some  large  gulphs  may  probably  be  fo,  in 
fuitable  latitudes ;  fo  the  Red  Sea ,  &c.  and  all  for  this 
reafon,  that  the  heated  lands  on  each  fide,  draw  off  the 
under  region  of  the  air,  and  make  the  upper  defcend* 
whence  fudden  and  wonderful  condenfations  may  take 
place,  and  make  thefe  defcents. 

It  feems  to  me,  that  the  manner  of  their  appearance 
and  procedure,  favour  the  notion  of  a  defcent. 

More  or  lefs  of  a  cloud,  as  I  am  informed,  always  ap¬ 
pears  over  the  place  firft ;  then  a  fpattering  on  the  furface 
of  the  water  below  j  and  when  this  is  advanced  to  a  con- 

fiderable 
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fiderable  degree,  the  fpout  emerges  from  the  cloud,  and 
defcends,  and  that,  if  the  caufes  are  fufficient,  down  to 
the  places  of  fpattering,  with  a  roaring  in  proportion  to 
the  quantity  of  the  difcharge  ;  then  it  abates,  or  flops, 
fometimes  more  gradually,  fometimes  more  fuddenly. 

I  mud  obferve  a  few  things  on  thefe  particulars,  to  fhew 
how  1  think  they  agree  with  my  hypothefis. 

The  preceding  cloud  over  the  place  fhews  condenfati- 
on,  and,  confequently,  tendency  downwards,  which  there¬ 
fore  muft  naturally  prevent  any  afcent.  Beiides  that,  fo 
far  as  I  can  learn,  a  whirlwind  never  comes  under  a 
cloud,  but  in  a  clear  fky. 

The  fpattering  may  be  eafily  conceived  to  be  caufed 
by  a  ftream  of  drops,  falling  with  great  force  on  the  place, 
imagining  the  fpout  to  begin  fo,  when  a  fudden  and  great 
condenfation  happens  in  a  contracted  fpace,  as  the  Ox  Eye 
on  the  coaft  of  Guinea . 

The  fpout  appearing  to  defcend  from  the  cloud  feems 
to  be,  by  the  ftream  of  nearly  contiguous  drops  bringing 
the  air  into  confent,  fo  as  to  carry  down  a  quantity  of  the 
vapour  of  the  cloud  ;  and  the  pointed  appearance  it  makes 
may  be  from  the  defcending  courfe  being  fwifteft  in  the 
middle,  or  center  of  the  fpout.  This  naturally  drawing 
the  outer  parts  inward,  and  the  center  to  a  point  5  and 
that  will  appear  foremoft  that  moves  fwifteft.  The  phe¬ 
nomenon  of  retiring  and  advancing,  I  think  may  be  ac¬ 
counted  for,  by  fuppoling  the  progreftive  motion  to  ex¬ 
ceed  or  not  equal  the  confumption  of  the  vapour  by  con- 

den- 
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denfation.  Or  more  plainly  thus :  The  defcending  va¬ 
pour  which  forms  the  apparent  fpout,  if  it  be  flow  in  its 
progrefs  downwards,  is  condenfed  as  faft  as  it  advances, 
and  fo  appears  at  a  ftand ;  when  it  is  condenfed  fafter  than 
it  advances,  it  appears  to  retire  $  and  vice  verfa . 

Its  duration  and  manner  of  ending,  are  as  the  caufes, 
and  may  vary  by  feveral  accidents. 

The  cloud  itfelf  may  be  fo  circumftanced  as  to  flop  it  • 
as  when,  extending  wide,  it  weighs  down  at  a  diftance 
round  about,  while  a  fmall  circle  at  the  fpout  being  exo¬ 
nerated  by  the  difcharge,  afcendsand  Ihuts  up  the  paflage. 
A  new  determination  of  wind  may,  perhaps,  flop  it  too. 
Places  liable  to  thefe  appearances  are  very  liable  to  fre¬ 
quent  and  hidden  alterations  of  it. 

Such  accidents  as  a  clap  of  thunder,  firing  cannon,  &c. 
may  flop  them,  and  the  reafon  may  be,  that  any  fhock 
of  this  kind  may  occafion  the  particles  that  arejiear  coher¬ 
ing,  immediately  to  do  fo ;  and  then  the  whole,  thus  con¬ 
denfed,  falls  at  once  (which  is  what  I  fuppofe  is  vulgarly 
called  the  breaking  of  the  fpout)  and  in  the  interval,  be¬ 
tween  this  period  and  that  of  the  next  fet  of  particles 
being  ready  to  unite,  the  fpout  fhuts  up.  So  that  if  this 
reafoning  is  juft,  thefe  phenomena  agree  with  my  hypo- 
thefis. 

The  ufual  temper  of  the  air,  at  the  time  of  their  ap¬ 
pearance,  if  I  have  a  right  information,  is  for  me  too  ; 
it  being  then  pretty  cool  for  the  feafon  and  climate  ;  and 
this  is  worth  remark,  becaufe  cool  air  is  weighty,  and  will 

not 
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not  afcend  -y  befides,  when  the  air  grows  cool,  it  fhews 
that  the  upper  region  defcends,  and  conveys  this  temper 
down -y  and  when  the  tempers  are  equal,  no  whirlwind 
can  take  place.  But  fpouts  have  been  known,  when  the 
lower  region  has  been  really  cold.  Gordon's  fpout  in  the 
Downs  is  an  inftance  of  this — (Vide  Philofophical  T’ranf- 
actions — )  where  the  upper  region  was  probably  not  at 
all  cooler,  if  fo  cold  as  the  lower  :  It  was  a  cold  day  in 
the  month  of  March :  hail  followed,  but  not  fnow  ;  and 
it  is  obfervable,  that  not  fo  much  as  hail  follows  or  ac¬ 
companies  them  in  moderate  feafons  or  climes,  when  and 
where  they  are  moil  frequent.  However,  it  is  not  im¬ 
probable,  that  juft  about  the  place  of  defcent  may  be  cool¬ 
er  than  the  neighbouring  parts,  and  fo  favour  the  won¬ 
derful  celerity  of  condenfation.  -  But,  after  all,  fhould  we 
allow  the  under  region  to  be  ever  fo  much  the  hot  left, 
and  a  whirlwind  to  take  place  in  it:  Suppofe  then  the 
fea- water  to  afcend,  it  would  certainly  cool  the  fpout,  and 
then,  query, ,  whether  it  would  not  very  much,  if  not 
wholly,  obftrudt  its  progrefs. 

It  commonly  rains  when  fpouts  difappear,  if  it  did  not 
before,  which  it  frequently  does  not,  by  the  beft  accounts 
I  have  had  5  but  the  cloud  encreafes  much  fafter  after 
they  dilappear,  and  it  foon  rains.  The  firft  fhews  the 
fpout  to  be  a  contracted  rain,  inftead  of  the  diffufed  one 
that  follows  5  and  the  latter  that  the  cloud  was  not  formed 
by  afcend ing  water,  for  then  it  would  have  ceafed  grow¬ 
ing  when  the  fpout  vani£hed. 
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However,  it  Teems  that  fpouts  have  fometimes  ap¬ 
peared  after  it  began  to  rain  ;  but  this  is  one  way  a  proof 
of  my  hypothefis,  viz.  as  whirlwinds  don’t  come  under 

a  cloud. 

3  forgot  to  mention,  that  the  increafe  of  cloud,  while 
the  fpout  fubfifts,  is  no  argument  of  an  afcent  of  water, 
by  the  ,fpout.  Since  thunder-clouds  fometimes  encreafe 
greatly  while  it  rains  very  hard. 

Divers  effeds  of  fpouts  feem  not  fo  well  accounted  for 
any  other  way  as  by  defcent. 

The  bufh  round  the  feet  of  them  feems  to  be  a  great 
foray  of  water  made  by  the  violence  of  defcent,  like  that 
in  great  falls  of  water  from  high  precipices. 

The  great  roar,  like  fome  vaft  inland  falls,  is  fo  differ¬ 
ent  from  the  roar  of  whirlwinds,  by  all  accounts,  as  to  be 
no  ways  compatible. 

The  throwing  things  from  it  with  great  force,  inftead 
of  carrying  them  up  into  the  air,  is  another  difference. 

There  feems  fome  probability  that  the  failors  traditi¬ 
onary  belief  that  fpouts  may  break  in  their  decks,  and  fo 
deftroy  veffels,  might  originate  from  fome  fads  of  that 
fort  in  former  times.  This  danger  is  apparent  on  my 
hypothefis,  but  it  feems  not  fo  on  the  other  :  And  my 
reafon  for  it  is,  that  the  whole  column  of  a  fpout  from 
the  fea  to  the  clouds,  cannot,  in  a  natural  way,  even  up¬ 
on  the  largeft  fuppofition,  fupport  more  than  about  three 
feet  water,  and  from  truly  fuppofeable  caufes,  not  above 

®ne  foot,  as  may  appear  more  plainly  by  and  by.  Sup- 
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pofing  now  the  largeft  of  thefe  quantities  to  rife,  it  muft 
be  diffeminated  into  drops,  from  the  furface  of  the  fea  to 
the  region  of  the  clouds,  or  higher;  for  this  reafon  it  is 
quite  unlikely  to  be  colle&ed  into  mafles,  or  a  body,  upon 
its  falling ;  but  would  defcend  in  progreffion  according  to 
the  feveral  degrees  of  altitude  the  different  portions  had 
arrived  at  when  it  received  this  new  determination. 

Now  that  there  cannot  more  rife  upon  the  common 
hypothefis  than  I  have  mentioned,  may  appear  probable, 
if  we  attend  to  the  only  efficient  caufe  in  fuppofed  a  - 
fcending  fpouts,  viz.  whirlwinds. 

We  know  that  the  rarefaction  of  the  lower,  and  the 
condenfation  of  the  upper  region  of  air,  are  the  only 
natural  caufes  of  whirlwinds.  Let  us  then  fuppofe  the 
former  as  hot  as  their  greateft  fummer  heat  in  Englaiid, 
and  the  latter  as  cold  as  the  extent  of  their  winter* 
Thefe  extremes  have  been  found  there  to  alter  the  weight 
of  the  air  one-tenth,  which  is  equal  to  a  little  more  than 
three  feet  water.  Were  this  cafe  poffible,  and  a  whirlwind 
take  place  in  it,  it  might  aft  with  a  force  equal  to  the 
mentioned  difference.  But  as  this  is  the  whole  ftrength, 
fo  much  water  could  not  rife ;  therefore  to  allow  it  due 
motion  upwards,  we  muft  abate,  at  leaft,  one-fourth  part, 
perhaps  more,  to  give  it  fuch  a  fwifit  afcenfion  as  fome 
think  ufual.  But  here  feveral  difficulties  occur,  at  leaft 
they  are  fo  to  me.  As,  whether  this  quantity  would  ren¬ 
der  the  fpout  opaque  ?  Since  it  is  plain  that  in  drops  it 
could  not*do  fo.  How,  or  by  wjiat  means  it  may  be  re* 
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duced  final  1  enough  ?  Or,  if  the  water  be  not  reduced 
into  vapour,  what  will  fufpend  it  in  the  region  of  the 
clouds  when  exonerated  there  ?  And,  if  vapourized  while 
afcending,  how  it  can  be  dangerous  by  what  they  call 
the  breaking  ?  For  it  is  difficult  to  conceive  how  a  eon- 
denfative  power  ffiould  inftantaneoufly  take  place  of  a  ra-v 
rifying  and  diffeminating  one. 

The  fudden  fall  of  the  fpout,  or,  rather,  the  fudden 
ceafing  of  it,  I  accounted  for,  in  my  way,  before.  But  it 
feems  necelTary  to  mention  fomething  I  then  forgot. 
Should  it  be  faid  to  do  fo,  (/.  e.)  to  fall,  becaufe  all  the 
lower  rarified  air  is  afcended,  whence  the  whirlwind  muffc 
ceafe,  and  its  burden  drop  j  I  cannot  agree  to  this,  unlefs 
the  air  be  obferved  on  a  fudden  to  have  grown  much 
colder,  which  I  can’t  learn  has  been  the  cafe.  Or  fbould 
it  be  fuppofed  that  the  fpout  was,  on  a  fudden,  obftrud- 
ed  at  the  top,  and  this  the  caufe  of  the  fall,  however 
plaufible  this  might  appear,  yet  no  more  water  would 
fall  than  what  was  at  the  fame  time  contained  in  the 
column,  which  is  often,  by  many  and  fatisfadory  ac¬ 
counts  to  me,  again  far  from  being  the  cafe. 

We  are,  I  think,  fufficiently  affured,  that  not  only 
tons,  but  fcores  or  hundreds  of  tons  defcend  in  one  fpout. 
Scores  of  tons  more  than  can  be  contained  in  the  trunk 
of  it,  Chould  we  fuppofe  water  to  afcend. 

But,  after  all,  it  don’t  appear  that  the  above-mention¬ 
ed  different  degrees  of  heat  and  cold  concur  in  any  region 
where  fpouts  ufually  happen,  nor,  indeed,  in  any  other. 

Ob- 
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Qbfervations  on  the  Meteorological  Paper  ; 
by  a  Gentleman  in  Connecticut. 


I R  and  water  mutually  attract 
each  other,  (faith  Mr  F.)  hence 
water  will  diflfolve  in  air,  as  fait 
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in  water/1  I  think  that  he  hath  demonftrated,  that  the 
fupporting  of  fait  in  water  is  not  owing  to  its  fuperficies 
being  increafed,  becaufe  <c  the  fpecific  gravity  of  fait  is  not 
altered  by  dividing  of  it,  any  more  than  that  of  lead, 
fixteen  bullets  of  which,  of  an  ounce  each,  weigh  as 
much  in  water  as  one  of  a  pound.”  But  yet,  when  this 
came  to  be  applied  to  the  fupporting  of  water  in  air,  I 
found  an  objection  riling  in  my  mind. 

In  the  firft  place,  I  have  always  been  loth  to  feek  for 
any  new  hypothefis,  or  particular  law  of  nature,  to  ac¬ 
count  for  any  thing  that  may  be  accounted  for  from  the 
known,  general,  and  univerfal  law  of  nature  5  it  being 
an  argument  of  the  infinite  wifdom  of  the  Author  of  the 
World,  to  effedt  fo  many  things  by  one  general  law. 
Now  I  had  thought  that  the  rifing  and  fupport  of  wa¬ 
ter  in  air,  might  be  accounted  for  from  the  general  law 
of  gravitation,  by  only  fuppofing  the  fpaces  occupied  by 
the  fame  quantity  of  water  increafed. 
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And,  wirh  refpedt  to  the  lead,  I  queried  thus  in  my 
own  mind  ;  whether  if  the  fuperficies  of  a  bullet  of  lead 
*  fhould  be  increafed  four  or  five  fold  by  an  internal  va¬ 
cuity,  it  would  weigh  the  fame  in  water  as  before.  I 
mean,  if  a  pound  of  lead  fhould  be  formed  into  a  hollow 
globe,  empty  within,  whofe  fuperficies  fhould  be  four  or 
five  times  as  big  as  that  of  the  fame  lead  when  a  folid 
lump,  it  would  weigh  as  much  in  water  as  before.  I 
fuppofed  it  would  not.  If  this  concavity  was  filled  with 
water,  perhaps  it  might ;  if  with  air,  it  would  weigh  at 
leaft  as  much  lefs,  as  this  difference  between  the  weight 
of  that  included  air,  and  that  of  water. 

Now  although  this  would  do  nothing  to  account  for 
the  diffolution  of  fait  in  water,  the  fmalleft  lumps  of  fait 
being  no  more  hollow  fpheres,  or  any  thing  of  the  like 
nature  than  the  greateft  ;  yet,  perhaps,  it  might  account 
for  water’s  rifing  and  being  fupported  in  air.  For  you 
know  that  fuch  hollow  globules,  or  bubbles,  abound  upon 
the  furface  of  the  water,  which  even  by  the  breath  of 
our  mouths,  we  can  caufe  to  quit  the  water,  and  rife  in 
the  air. 

Thefe  bubbles  I  ufed  to  fuppofe  to  be  coats  of  water, 
containing  within  them*  air  rarified  and  expanded  with 
fire,  and  that,  therefore,  the  more  friction  and  dafhing 
there  is  upon  the  furface  of  the  waters,  and  the  more  heat 
and  fire,  the  more  they  abound. 

And  I  ufed  to  think,  that  although  water  be  fpecifically 
heavier  than  air,  yet  fuch  a  bubble,  filled  only  with  fire 

and 


and  very  rarified  air,  may  be  lighter  than  a  quantity  of 
common  air,  of  the  fame  cubical  dimenfions,  and ,  there- 
fore,  afcend  ;  for  the  rarified  air  inclofed,  may  more  fall 
fhort  oi  the  fame  bulk  of  common  air,  in  weight,  than 
the  watery  coat  exceeds  a  like  bulk  of  common  air  in 
gravity. 

This  was  the  objection  in  my  mind,  though,  I  muff 
eonfefs,  I  know  not  how  to  account  for  the  watery  coat’s 
encompaffing  the  air,  as  above-mentioned,  without  allow¬ 
ing  the  attraction  between  air  and  water,  which  the  Gen¬ 
tleman  fuppofes ;  fo  that  I  don’t  know  but  that  this  objection 
examined  by  that  fagacious  Genius,  will  be  an  additional 
confirmation  of  the  hypothefis. 

The  Gentleman  obferves,  “  That  a  certain  quantity  of 
moifture  fhould  be  every  moment  difcharged  and  taken 
away  from  the  lungs and  hence  accounts  for  the  fuf- 
focating  nature  of  fnuffs  of  candles,  as  impregnating  the 
air  with  greafe,  between  which  and  water  there  is  a  na¬ 
tural  repellency  %  and  of  air  that  hath  been  frequently 
breathed  in,  which  is  overloaded  with  water,  and,  for 
that  reafon,  can  take  no  more  air.  Perhaps  the  fame  ob- 
fervation  will  account  for  the  fuffocating  nature  of  damps 
in  wells. 

But  then  if  the  air  can  fupport  and  take  off  but  fuch  a 
proportion  of  water,  and  it  is  neceflary  that  water  be  fo 
taken  off  from  the  lungs,  I  queried  with  myfelf  how  it  is 
we  can  breathe  in  an  air  full  of  vapours,  fo  full  as  that 
they  continually  precipitated.  Don’t  we  fee  the  air  o- 

ver-  . 
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verloaded,  and  carting  forth  water  plentifully  when  there 
is  no  fuffocation  ? 

The  Gentleman  again  obferves,  M  That  the  air  under 
“  the  Equator,  and  between  the  Tropics,  being  conftantly 
c<  heated  and  rarified  by  the  lun,  tiles  ;  its  place  is  tup- 
cc  piiecj  by  air  from  Northern  and  Southern  latitudes, 

«  which  coming  from  parts  where  the  air  and  earth  had 
«  iefs  motion,  and  not  fuddenly  acquiring  the  quicker  mo- 
“  tion  of  the  equatorial  earth,  appears  an  Eaft  wind  blow- 
tc  ing  Weftward  ;  the  earth  moving  from  Weft  to  Eaft, 

“  and  flipping  under  the  air.” 

In  reading  this,  two  objections  occurred  to  my  mind  : 

Firft,  That  it  is  faid,  the  trade-wind  doth  not  blow  in 
the  forenoon,  but  only  in  the  afternoon. 

Secondly,  That  either  the  motion  of  the  Northern  and 
Southern  air  towards  the  Equator  is  fo  flow,  as  to  acquire 
almoft  the  fame  motion  as  the  equatorial  air  when  it  ar¬ 
rives  there,  fo  that  there  will  be  no  fenfible  difference  ; 
or  elfe  the  motion  of  the  Northern  and  Southern  air  to¬ 
wards  the  Equator,  is  quicker,  and  muft  be  fenfible  ;  and 
then  the  trade-wind  muft  appear  either  as  a  South-Eaft: 
or  North  Eaft  wind  :  South  of  the  Equator,  a  South-Eaft 
wind  ;  North  of  the  Equator  a  North-Eaft.  For  the  ap¬ 
parent  wind  muft  be  compounded  of  this  motion  from 
North  to  South,  or  vice  verfa ;  and  of  the  difference  be¬ 
tween  its  motion  from  W eft  to  aft,  and  that  of  the  equa¬ 
torial  air.  _ , 
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introducing  a  new  law  of  nature  y  fuch  attractions  taking 
place  in  many  other  known  inftances. 

2dly.  Water  is  fpecifically  850  times  heavier  than  air. 
To  render  a  bubble  of  water,  then,  fpecifically  lighter 
than  air,  it  feems  to  me  that  it  mu  ft  take  up  more  than 
850  times  the  fpace  it  did  before  it  formed  the  bubble  3 
and  within  the  bubble  fhould  be  either  a  vacuum  or  air 
rarified  more  than  850  times.  If  a  vacuum,  would  not 
the  bubble  be  immediately  crufti’d  by  the  weight  of  the 
atmofphere  ?  And  no  heat,  we  know  of,  will  rarify  air 
any  thing  near  fo  much  3  much  lefs  the  common  heat  of 
the  fun,  or  that  of  friction  by  the  daftiing  on  the  fur- 
face  of  the  water.  Befides,  water  agitated  ever  fo  vio¬ 
lently,  produces  no  heat,  as  has  been  found  by  accurate 
experiments. 

3dly.  A  hollow  fphere  of  lead  ha*  a  firmnefs  and  con- 
fiftency  in  it,  that  a  hollow  fphere  or  bubble  of  fluid  un¬ 
frozen  water  cannot  be  fuppofed  to  have.  The  lead  may 
fupport  the  preflure  of  the  water  it  is  immerged  in,  but 
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the  babble  could  not  fupport  the  preffure  of  the  air,  if 
empty  within. 

4thly.  Was  ever  a  vifible  bubble  feen  to  rife  in  air  ? 

I  have  made  many,  when  a  boy,  with  foap-fuds  and  a 
tobacco-pipe  ;  but  they  all  defcended  when  loofe  from 
the  pipe,  though  flowly,  the  air  impeding  their  motion. 
They  may,  indeed,  be  forced  up  by  a  wind  from  below, 
but  do  not  rife  of  themfelves,  though  filled  with  warm 
breath. 

cthly.  The  objection  relating  to  our  breathing  moift 
air,  feems  weighty,  and  muft  be  farther  eonfidered.  The 
air  that  has  been  breathed,  has,  doubtlefs,  acquired  an 
addition  of  the  perfpirable  matter  which  nature  intends 
to  free  the  body  from,  and  which  would  be  pernicious 

if  retained  and  returned  into  the  blood ;  fuch  air  then 

! 

may  become  unfit  for  refpiration,  as  well  for  that  reafon, 
as  on  account  of  its  moifture.  Yet  I  fhould  be  glad  to 
learn,  by  forae  accurate  experiment,  whether  a  draft  of 
air,  two  or  three  times  infpired,  and  expired,  perhaps  in 
a  bladder,  has,  or  has  not,  acquired  more  moifture  than 
our  common  air  in  the  damped:  weather.  As  to  the  pre¬ 
cipitation  of  water  in  the  air  we  breathe,  perhaps  it  is 
not  always  a  mark  of  that  air’s  being  overloaded.  In  the 
region  of  the  clouds,  indeed,  the  air  muft  be  overload¬ 
ed  if  it  lets  fall  its  water  in  drops,  which  we  call  rain ; 
but  thofe  drops  may  fall  through  a  dryer  air  near  the 
earth  ;  and  accordingly  we  find  that  the  hygrofcope  fome- 

tiroes  fhews  a  lefs  degree  of  moifture,  during  a  fhower, 

than 
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than  at  other  times  when  it  does  not  rain  at  all.  The 
dewy  dampnefs  that  fettles  on  the  infides  of  our  walls  and 
wainfcots,  feems  more  certainly  to  denote  an  air  overload¬ 
ed  with  moifture  \  and  yet  this  is  no  fure  fign :  For,  af¬ 
ter  a  long  continued  cold  feafon,  if  the  air  grows  fud«* 
denly  warm,  the  walls,  &c,  continuing  longer  their  cold- 
nefs,  will,  for  fome  time,  condenfe  the  moifture  of  fucli 
air,  till  they  grow  equally  warm,  and  then  they  condenfe 
no  more,  though  the  air  is  not  become  dryer.  And,  on 
the  other  hand,  after  a  warm  fpell,  if  the  air  grows  cold, 
though  moifter  than  before,  the  dew  is  not  fo  apt  to  ga¬ 
ther  on  the  walls.  A  tankard  of  cold  water  will,  in  a 
hot  and  dry  fummer’s  day,  collect  a  dew  on  its  outlide ; 
a  tankard  of  hot  water  will  colledt  none  in  the  moifteft 
weather, 

6thly.  It  is,  I  think,  a  miftake  that  the  trade-winds 
blow  only  in  the  afternoon.  They  blow  all  day  and  alt 
night,  and  all  the  year  round,  except  in  fome  particular 
places.  The  foutherly  fea-breezes  on  your  coafts,  indeed, 
blow  chiefly  in  the  afternoon.  In  the  very  long  run, 
from  the  Weft  fide  of  Americay  to  Guam>  among  the 
Phillippine  IJlandsy  fhips  feldom  have  occafion  to  hand 
their  fails,  fo  equal  and  fteady  is  the  gale,  and  yet  they 
make  it  in  about  60  days,  which  could  not  be,  if  the 
wind  blew  only  in  the  afternoon. 

ythly.  That  really  is,  which  the  Gentleman  juftly 
fuppofes  ought  to  be  on  my  hypothefis.  In  failing 

L  1  2  South* 


Southward,  when  you  firft  enter  the  trade-wind,  yon- 
find  it  North-Eaft,  or  thereabouts,  and  it  gradually  grows 
more  Eaft  as  you  approach  the  line..  The  fame  ohfervn- 
tion  is  made  of  its  changing  from  Smith-Baft  to  Baft  gra¬ 
dually,  as  you  come  from  the  Southern  latitudes  to  the 
equator* 


OBfervations  on  the  Meteorological  Paper  ; 
by  a  Gentleman,  in  New-York,  to  B.  F. 

HAT  power  by  which  the  air 

Ke ad  at  the  Royal  f  -m  \ 

Society,  Nov.  g  expands  itfelr,  you  attribute  to  a 

JL  mutual  repelling  power  in  the 

particles  which  compofe  the  air,  by  which  they  are  fepa- 
rated  from  each  other  with  feme  degree  of  force  :  Now 
this  force,  on  this  fuppofition,  muft  not  only  aft  when 
the  particles  are  in  mutual  contaft,  but  likewife  when 
they  are  at  fome  diftance  from  each  other.  How  can 
two  bodies,  whether  they  be  great  or  fmall,  aft  at  any 
diftance,  whether  that  diftance  be  fmall  or  great,  without 
fomething  intermediate  on  which,  they  aft  ?  For  if  any 
body  aft  on  another,  at  any  diftance  from  it,  however 
fmall  that  diftance  be,  without  fome  medium  to  conti¬ 
nue  the  aflion,  it  muft  aft  where  it  is  not,  which  to  me 
feems  abfurd. 
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It  feetns  to  me,  for  the  feme  reafon,  equally  abfurd  to 
give  a  mutual  attractive  power  between  any  other  parti¬ 
cles  fuppofed  to  be  at  a  diftance  from  each  other,  with¬ 
out  any  thing  intermediate  to  continue  their  mutual  ac¬ 
tion.  I  can  neither  attract  nor  repel  any  thing  at  a  dif¬ 
tance,  without  fomething  between  my  hand  arid  that 
thing,  like  a  firing,  or  a  hick ;  nor  can  I  conceive  any 
mutual  a ftion  without  fome  middle  thing,  when  the  ac» 

tion  is  continued  to  fome  diftance. 

The  encreafe  of  the  furface  of  any  body  le liens  its 
weight,  both  in  air,  and  water,  or  any  other  fluid,  as  ap¬ 
pears  by  the  flow  defcent  of  leaf- gold  in  the  air. 

The  obfervation  of  the  different  deniity  of  the  upper 
and  lower  air,  from  heat  and  cold,  is  good,  and  I  do 
not  remember  it  is  taken  notice  of  by  others;  the  confe- 
quences  alfo  are  well  drawn ;  but  as  to  winds,  they  feem 
principally  to  arife  from  fome  other  caufe.  Winds  gene¬ 
rally  blow  from  fome  large  trads  of  land,  and  from  moun¬ 
tains.  Where  I  live,  on  the  North  fide  of  the  mountains, 
we  frequently  have  a  ftrong  Southerly  wind,  when  they 
have  as  ftrong  a  Northerly  wind,  or  calm,  on  the  other 
fide  of  thefe  mountains.  The  continual  pafling  of  veflels 
on  Hudfori* s  River,  through  thefe  mountains,  give  fre¬ 
quent  opportunities  of  obferving  this. 

la  the  fpring  of  the  year  the  fea-wind  (by  a  piercing 
cold)  i5  always  more  uneafy  to  me,  accuftomed  to  winds 
which  pafs  over  a  trad:  of  land,  than  the  North- Weft 
wind. 

You 
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You  have  received  the  common  notion  of  water-fpouts, 
which,  from  my  own  ocular  obfervation,  I  am  perfuaded 
is  a  falfe  conception.  In  a  voyage  to  the  Weft-Indies  I 
had  an  opportunity  of  obferving  many  water-fpouts.  One 
of  them  pafied  nearer  than  thirty  or  forty  yards  to  the 
veflel  I  was  in,  which  I  viewed  with  a  good  deal  of  at¬ 
tention  s  and  though  it  be  now  forty  years  fince  I  faw  it, 
it  made  fo  ftrong  an  impreffion  on  me,  that  I  very  dif- 
tindtly  remember  it.  Thefe  water-fpouts  were  in  the 
calm  latitudes,  that  is,  between  the  trade  and  the  variable 
winds,  in  the  month  of  July .  That  fpoufc  which  palled 
fo  near  us,  was  an  inverted  cone,  with  the  tip  or  apex  to¬ 
wards  the  fea,  and  reached  within  about  eight  feet  of  the 
furface  of  the  fea,  its  balls  in  a  large  black  cloud.  We 
were  entirely  becalmed.  It  palfed  flowly  by  the  vefTel. 
I  could  plainly  obferve  that  a  violent  ftream  of  wind  if- 
fued  from  the  fpout,  which  made  a  hollow  of  about  fix 
feet  diameter  in  the  furface  of  the  water,  and  raifed  the 
water  in  a  circular  uneven  ring  round  the  hollow,  in  the 
fame  manner  that  a  ftrong  blaft  from  a  pair  of  bellows 
would  do  when  the  pipe  is  placed  perpendicular  to  the 
furface  of  the  water  ;  and  we  plainly  heard  the  fame  hif- 
fing  noife  which  fuch  a  blaft  of  wind  mu  ft  produce  on 
the  water.  I  am  very  fure  there  was  nothing  like  the 
fucking  of  water  from  the  fea  into  the  fpout,  unlefs  the 
fpray  which  was  raifed  in  a  ring  to  a  fmall  height,  could 
be  miftaken  for  a  raifing  of  water.  I  could  plainly  diftin- 
guilh  a  diftance  of  about  eight  feet  between  the  fea  and 

the 
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the  tip  of  the  cone,  in  which  nothing  interrupted  the 
fight,  which  muft  have  been,  had  the  water  been  raifed 

from  the  fea. 

In  the  fame  voyage  I  faw  feveral  other  fpouts  at  a 
greater  diftance,  but  none  of  them  whofe  tip  of  the  cone 
came  fo  near  the  furface  of  the  water.  In  fome  of  tnem 
the  axis  of  the  cone  was  confiderably  inclined  from  the 
perpendicular,  but  in  none  of  them  was  there  the  leaft 
appearance  of  fucking  up  of  water.  Others  of  them 
were  bent  or  arched.  I  believe  that  a  ftream  of  wind  if- 
fued  from  all  of  them,  and  it  is  from  this  ft  ream  of  wind 
that  veiTels  are  often  over  let,  or  founder  at  fea  fuddenly. 
I  have  heard  of  vefiels  being  overfet  when  it  was  perfect¬ 
ly  calm,  the  inftant  before  the  ftream  of  wind  ftruck 
them,  and  immediately  after  they  were  overfet  $  which 
could  not  otherwife  be  but  by  fuch  a  ftream  of  wind  from 
a  cloud. 

That  wind  is  generated  in  clouds  will  not  admit  of  a 
difpute.  Now  if  fuch  wind  be  generated  within  the  bo¬ 
dy  of  the  cloud,  and  ifliie  in  one  particular  place,  while 
it  finds  no  pafiage  in  the  other  parts  of  the  cloud,  I  think 
it  may  not  be  difficult  to  account  for  all  the  appearances 
in  water-fpouts ;  and  from  hence  the  reafon  of  breaking 
thofe  fpouts,  by  firing  a  cannon-ball  through  them,  as 
thereby  a  horizontal  vent  is  given  to  the  wind.  When 
the  wind  is  fpent,  which  dilated  the  cloud,  or  the  fer¬ 
mentation  ceafes,  which  generates  the  air  and  wind,  the 
clouds  may  defcend  in  a  prodigious  fall  of  water  or  rain. 

A  re- 
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A  remarkable  inteftine  motion,  like  a  violent  fermentati¬ 
on,  is  very  obfervable  in  the  cloud  from  whence  the  fpout 
iffues.  No  fait  water,  I  am  perfuaded,  was  ever  obferved 
to  fall  from  the  clouds,  which  muft  certainly  have  hap¬ 
pened  if  fea- water  had  been  raifed  by  a  fpout. 


Answer  to  the  foregoing  Qbfervations ;  by  B.  F. 


Read  at  the  Royal 
Society,  Nov. 

4,  1756. 


Agree  with  you,  that  it  feems  abfbrd 
to  fuppofe  that  a  body  can  adt  where  it 
is  not*  I  have  no  idea  of  bodies  at  a 
diftance  attra&ing  or  repelling  one  another  without  the 
affiftance  of  feme  medium,  though  I  know  not  what  that 
medium  is,  or  hpw  it  operates.  When  I  fpeak  of  at* 
tra&ion  or  repul fion,  I  make  ufe  of  thofe  words  for  want 
of  others  more  proper,  and  intend  only  to  exprefs  effects 
which  I  fee,  and  not  caufes  of  which  I  am  ignorant.  When 
I  prefs  a  blown  bladder  between  my  knees,  I  find  I  can¬ 
not  bring  its  fides  together,  but  my  knees  feel  a  fpringy 
matter,  puftiing  them  back  to  a  greater  diftance,  or  repel¬ 
ling  them.  I  conclude  that  the  air  it  contains  is  the 
caufe.  And  when  I  operate  on  the  air,  and  find  I  cannot 
by  preflfure  force  its  particles  into  contadl,  but  they  ftill 
fpring  back  againft  the  preffure,  I  conceive  there  muft  be 
fome  medium  between  its  particles  that  prevents  their 
clofing,  though  I  cannot  tell  what  it  is. — And  if  I  were 

ac- 
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acquainted  with  that  medium,  and  -found  its  particles  to 
approach  and  recede  from  each  other,  according  to  the 
preffure  they  differed,  I  fhould  imagine  there  muft  be 
fome  finer  medium  between  them,  by  which  thefe  opera¬ 
tions  were  performed. 

I  allow  that  increafe  of  the  furface  of  a  body  may  oc« 

v- 

cafion  it  to  defcend  flower  in  air,  water,  or  any  other 
fluid  $  but  do  not  conceive,  therefore,  that  it  leffens  its 
weight.  Where  the  increafed  furface  is  fo  difpofed  as 
that  in  its  falling  a  greater  quantity  of  the  fluid  it  finks 
in  muft  be  moved  out  of  its  way,  a  greater  time  is  re¬ 
quired  for  fuch  removal.  Four  fquare  feet  of  fheet  lead 
finking  in  water  broadways ,  cannot  defcend  near  fo  faft 
as  it  would  edgeways ,  yet  its  weight  in  the  hydroftatic 
ballance  would,  I  imagine,  be  the  fame,  whether  depend¬ 
ed  by  the  middle  or  by  the  corner. 

I  make  no  doubt  but  that  ridges  of  high  mountains  do 
often  interrupt,  flop,  reverberate,  or  turn  the  winds  that 
blow  againft  them,  according  to  the  different  degrees  of 
ftrength  of  the  winds,  and  the  angles  of  incidence.  I  fup« 
pofe,  too,  that  the  cold  upper  parts  of  mountains  may 
condenfe  the  warmer  air  that  comes  near  them,  and  fo 
by  making  it  fpecifically  heavier,  caufe  it  to  defcend  on 
one  or  both  fides  of  the  ridge  into  the  warmer  valleys, 
which  will  feem  a  wind  blowing  from  the  mountain. 

Damp  winds,  though  not  colder  by  the  thermometer, 
give  a  more  uneafy  fenfation  of  cold  than  dry  ones  5  be- 
caufe  (to  fpeak  like  an  Eledxician)  they  condudt  better; 

M  m  that 
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that  is,  are  better  fitted  to  convey  away  the  heat  from  our 
bodies.  The  body  cannot  feel  without  itfelf  $  our  fenfation 
of  cold  is  not  in  the  air  without  the  body,  but  in  thofe 
parts  of  the  body  which  have  been  deprived  of  their 
heat  by  the  air.  My  defk,  and  its  lock,  are,  I  hippo fe, 
of  the  fame  temperament  when  they  have  been  long  ex- 
pofed  to  the  fame  air  ;  but  now  if  I  lay  my  hand  on  the 
wood,  it  does  not  feem  fo  cold  to  me  as  the  lock  j  be- 
caufe  (as  I  imagine)  wood  is  not  fo  good  a  conductor,,  to 
receive  and  convey  away  the  heat  from  my  fkm,  and  the 
adjacent  flefh,  as  metal  is.  Take  a  piece  of  wood,  of  the 
fize  and  fhape  of  a  dollar,  between  the  thumb  and  finger 
of  one  hand,  and  a  dollar,  in  like  manner,  with  the  other 
hand  ;  place  the  edges  of  both,  at  the  fame  time,  in  the 
flame  of  a  candle  ;  and  though  the  edge  of  the  wooden 
piece  takes  flame,  and  the  metal  piece  does  not,  yet  you- 
will  be  obliged  to  drop  the  latter  before  the  former,  it 
conducting  the  heat  more  fuddenly  to  your  fingers.  Thus 
we  can,  without  pain,  handle  glafs  and  china  cups  filled 
with  hot  liquors,  as  tea,  &c.  but  not  filver  ones.  A  fiiver 
tea-pot  muft  have  a  wooden  handle.  Perhaps  it  is  for 
the  fame  reafon  that  woollen  garments  keep  the  body 
warmer  than  linnen  ones  equally  thick  y  woollen  keep¬ 
ing  the  natural  heat  in,  or,  in  other  words,  not  conducting 
it  out  to  air. 

In  regard  to  water-fpouts,  having,  in  a  long  letter  to  a 

Gentleman  of  the  fame  fentiment  with  you  as  to  their 

dkeCtion,  laid  all  that  I  have  to  fay  in  fupport  of  my  o- 

pinion  $ 
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pinion  ;  I  need  not  repeat  the  arguments  therein  contain¬ 
ed,  as  I  intend  to  fend  you  a  copy  of  it  by  fame  other 
opportunity,  for  your  perufal.  I  imagine  you  will  find 
all  the  appearances  you  faw,  accounted  for  by  my  bypo- 
thefis.  I  thank  you  for  communicating  the  account  of 
them.  At  prefent  I  would  only  fay,  that  the  opinion  of 
winds  being  generated  in  clouds  by  fermentation,  is  new 
to  me,  and  I  am  unacquainted  with  the  fads  on  which  it 
is  founded.  I  likewife  find  it  difficult  to  conceive  of  winds 
confined  in  the  body  of  clouds,  which  I  imagine  have 
little  more  folidity  than  the  fogs  on  the  earth’s  f'urface. 
The  objedion  from  the  frefhnefs  of  rain-water  is  a  ftrong 
one,  but  I  think  I  have  anfwered  it  in  the  letter  above- 
mentioned,  to  which  I  mu  ft  beg  leave,  at  prefent,  to 
refer  you. 


Mm2  LET- 
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L  E  T  T  E  R  XXIII. 

FROM 

Benj.  Franklin,  Efq,  of  Philadelphia. 

To  C.  C.  Efq;  at  New-York. 

SIR,  Philadelphia,  April  23,  1752. 

Read  at  the  Royal  "T N  confidering  your  favour  of  the  16th 

1  Paft>  1  recollected  my  having  wrote 
you  anfwers  to  fome  queries  concern* 
ing  the  difference  between  eledtrics  per  fe ,  and  non-e- 
ledtrics,  and  the  effects  of  air  in  eledtrical  experiments, 
which,  I  apprehend,  you  may  not  have  received*  The 
date  I  have  forgot* 

We  have  been  ufed  to  call  thofe  bodies  eledlrics  per  fe, 
which  would  not  condudl  the  eledtric  fluid :  We  once  i- 
magined  that  only  fuch  bodies  contained  that  fluid  $  af¬ 
terwards  that  they  had  none  of  it,  and  only  educ'd  it  from 
other  bodies :  But  further  experiments  fhewed  our  miflakes. 
It  is  to  be  found  in  all  matter  we  know  of ;  and  the  dif- 
dndtions  of  eledlrics  per  fe ,  and  non~eledtrics,  fhould  now 
be  dropt  as  improper,  and  that  of  conductors  and  non- con¬ 
ductors  affumed  in  its  place,  as  I  mentioned  in  thofe  anfwers* 

I  do 
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I  do  not  remember  any  experiment  by  which  it  ap¬ 
peared  that  high  rectified  fpirit  will  not  condud  ;  perhaps 
you  have  made  fuch.  This  I  know,  that  wax,  rofin, 
brimftone,  and  even  glafs,  commonly  reputed  elediics 
per  fe,  will,  when  in  a  fluid  ftate,  condud  pretty  well. 
Glafs  will  do  it  when  only  red  hot.  So  that  my  former 
pofition,  that  only  metals  and  water  were  condudors,  and 
other  bodies  more  or  lefs  fuch,  as  they  partook  of  metal 

or  moifture,  was  too  general. 

Your  conception  of  the  eledric  fluid,  that  it  is  incom¬ 
parably  more  fubtle  than  air,  is  undoubtedly  juft.  It  per¬ 
vades  denfe  matter  with  the  greateft  eafe  ;  but  it  does 
not  feem  to  mix  or  incorporate  willingly  with  meer  air,  as 
it  does  with  other  matter.  It  will  not  quit  common  mat¬ 
ter  to  join  with  air.  Air  obftruds,  in  fome  degree,  its 
motion.  An  eledric  atmofphere  cannot  be  communicated 
at  fo  great  a  diftance,  through  intervening  air,  by  far,  as 
through  a  vacuum.— Who  knows  then,  but  there  may  be, 
as  the  Antients  thought,  a  region  of  this  fire  above  our 
atmofphere,  prevented  by  our  air,  and  its  own  too  great 
diftance  for  attradion,  from  joining  our  earth  ?  Perhaps 
where  the  atmofphere  is  rareft,  this  fluid  may  be  denfeft, 
and  nearer  the  earth  where  the  atmofphere  grows  denfer, 
this  fluid  may  be  rarer ;  yet  fome  of  it  be  low  enough  to 
attach  itfelf  to  our  higheft  clouds,  and  thence  they  be¬ 
coming  eledrified,  may  be  attraded  by,  and  defcend  to¬ 
wards  the  earth,  and  difcharge  their  watry  contents,  to¬ 
gether  with  that  etherial  fire.  Perhaps  the  Aurora;  Bore- 
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ales  are  currents  of  this  fluid  in  its  own  region,  above  our 
atmol'phere,  becoming  from  their  motion  vilible.  There 

is  no  end  to  conjectures.  As  yet  we  are  but  novices  in 
this  branch  of  natural  knowledge. 

You  mention  feveral  differences  of  falts  in  ele&rical  ex¬ 
periments  ?  Were  they  all  equally  dry  ?  Salt  is  apt  to 
acquire  moifture  from  a  moift  air,  and  fome  forts  more 
than  others.  When  perfectly  dried  by  lying  before  a 
bre,  or  on  a  ffove,  none  that  I  have  tried  will  conduct  any 
better  than  fo  much  glafs. 

New  flannel,  if  dry  and  warm,  will  draw  the  eleCtric 

fluid  from  non-eleCtrics,  as  well  as  that  which  has  been 
worn. 

I  with  you  had  the  convenience  of  trying  the  experi¬ 
ments  you  feem  to  have  fuch  expectations  from,  upon  va¬ 
rious  kinds  of  fpirits,  falts,  earth,  &c.  Frequently,  in  a 
variety  of  experiments,  though  we  mifs  what  we  expected 
to  find,  yet  fomething  valuable  turns  out,  fomething  fur- 
prifing,  and  inftruCting,  though  unthought  of. 

I  thank  you  for  communicating  the  illuftration  of  the 
theorem  concerning  light.  It  is  very  curious.  But  I  muff 
own  I  am  much  in  the  dark  about  light.  I  am  not  fa- 
tisued  with  the  doCtrine  that  fuppofes  particles  of  matter 
called  light,  continually  driven  off  from  the  fun’s  furface, 
with  a  Iwiftnefs  fo  prodigious  !  Muff  not  the  fmalleft 
particle  conceivable,  have  with  fuch  a  motion,  a  force 
exceeding  that  of  a  twenty-four  pounder,  difcharged 
from  a  cannon  ?  Mull  not  the  fun  diminilh  exceedingly 

by 


by  fuch  a  wade  of  matter;  and  the  planets,  indead  of  draw-* 
ing  nearer  to  him,  as  fome  have  feared,  recede  to  greater 
cidances  through  the  leffened  attraction.  Yet  thefe  par¬ 
ticles,  with  this  amazing  motion,  will  not  drive  before 
them,  or  remove,  the  lead  and  lighted  dud  they  meet 
with  :  And  the  fun,  for  aught  we  know,  continues  of  his 
antient  dimenfions,  and  his  attendants  move  in  their  anti- 
ent  orbits. 

May  not  all  the  phenomena  of  light  be  more  conve¬ 
niently  folved,  by  fuppofing  univerfal  fpace  filled  with  a 
fubtle  eladic  fluid,  which,  when  at  red,  is  not  vifible,  but 
whofe  vibrations  affeCt  that  fine  fenfe  in  the  eye,  as  thofe 
of  air  do  the  groffer  organs  of  the  ear  ?  We  do  not,  in 
the  cafe  of  found,  imagine  that  any  fonorous  particles  are 
thrown  off  from  a  bell,  for  indance,  and  fly  in  drait 
lines  to  the  ear ;  why  mud  we  believe  that  luminous  par¬ 
ticles  leave  the  fun  and  proceed  to  the  eye  ?  Some  dia¬ 
monds,  if  rubbed,  fhine  in  the  dark,  without  lofing  any 
part  of  their  matter.  I  can  make  an  electrical  fpark  as 
big  as  the  flame  of  a  candle,  much  brighter,  and,  there¬ 
fore,  vifible  further ;  yet  this  is  without  fuel ;  and,  I  am 
perfuaded,  no  part  of  the  eledtric  fluid  flies  off  in  fuch 
cafe,  to  difiant  places,  but  all  goes  direftly,  and  is  to  be 
found  in  the  place  to  which  I  dedine  it.  May  not  dif¬ 
ferent  degrees  of  the  vibration  of  the  above-mentioned  u- 
niverfal  medium,  occafion  the  appearances  of  different  co¬ 
lours  ?  I  think  the  eleftric  fluid  is  always  the  fame ; 
yet  I  find  that  weaker  and  dronger  fparks  differ  in  appa¬ 
rent 
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rent  colour,  feme  white,  blue,  purple,  red  ;  the  ftrongeft, 
white  ;  weak  ones  red.  Thus  different  degrees  of  vibra¬ 
tion  given  to  the  air,  produce  the  feven  different  founds  in 
mufic,  analagous  to  the  feven  colours,  yet  the  medium, 
air,  is  the  fame. 

If  the  fun  is  not  wafted  by  expence  of  light,  I  can 
eafily  conceive  that  he  {hall  other  wife  always  retain  the 
fame  quantity  of  matter  ;  though  we  fhould  fuppofe  him 
made  of  fulphur  conftantly  flaming.  The  action  of!iire 
only  feparates  the  particles  of  matter,  it  does  not  annihilate 
them.  Water,  by  heat  raifed  in  vapour,  returns  to  the 
earth  in  rain  ;  and  if  we  could  colled  all  the  particles  of 
burning  matter  that  go  off  in  ftnoak,  perhaps  they  might, 
with  the  allies,  weigh  as  much  as  the  body  before  it  was 
fired  :  And  if  we  could  put  them  into  the  fame  pofition 
with  regard  to  each  other,  the  mafs  would  be  the  fame  as 
before,  and  might  be  burnt  over  again.  The  chymifts 
have  analyfed  fulphur,  and  find  it  compofed,  in  certain 
proportions,  of  oil,  fait,  and  earth ;  and  having,  by  the  a- 
nalyfis,  difcovered  thofe  proportions,  they  can,  of  thofe  in¬ 
gredients,  make  fulphur.  So  we  have  only  to  fuppofe, 
that  the  parts  of  the  fun’s  fulphur,  feparated  by  fire,  rife 
into  his  atmofphere,  and  there  being  freed  from  the  im¬ 
mediate  adion  of  the  fire,  they  colled  into  cloudy  maffes, 
and  growing,  by  degrees,  too  heavy  to  be  longer  fupported, 
they  defcend  to  the  fun,  and  are  burnt  over  again.  Hence 
the  fpots  appearing  on  his  face,  which  are  obferved  to  di- 

minifh 


minifii  daily  in  fize,  their  confuming  edges  being  of  parti¬ 
cular  brightnefs. 

It  is  well  we  are  not,  as  poor  Galileo  was,  fubjed  to 
the  Inquifition  for  Philofophical  Herefy .  My  whifpers  a- 
gainft  the  orthodox  dodrine,  in  private  letters,  would  be 
dangerous  ;  but  your  writing  and  printing  would  be  high¬ 
ly  criminal.  As  it  is,  you  mu  ft  exped  fome  cenfure,  but 
one  Heretic  will  furely  excufe  another. 

X  am  heartily  glad  to  hear  more  inftances  of  the  fuccefs 
of  the  Poke-Weed,  in  the  cure  of  that  horrible  evil  to  the 
human  body,  a  Cancer.  You  will  deferve  highly  of  man¬ 
kind  for  the  communication.  But  I  find  in  Bojlon  they 
are  at  a  lofs  to  know  the  right  plant,  fome  afferting  it  is 
what  they  call  Mechoachan ,  others  other  things.  In  one 
of  their  late  papers  it  is  publickly  requefted  that  a  perfed 
defcription  may  be  given  of  the  plant,  its  places  of  growth, 
&c.  I  have  miflaid  the  paper,  or  would  fend  it  to  you. 
I  thought  you  had  defcribed  it  pretty  fully. 

I  amy  Sir x  &c. 

B.  F* 
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Extracts  from  DAMPIER’s  Toy ages ,  rela¬ 
tin'?  to  Water-Spouts. 


Read  at  the  Royal 
Society,  Dec.  16, 
L7  56- 


Spout  is  a  fmall  ragged  piece,  of 
part  of  a  cloud,  hanging  down 
about  a  yard  feemingiy,  from  the 
blacked:  part  thereof.  Commonly  it  hangs  down  doping, 
from  thence,  or  fometimes  appearing  with  a  fmall  bend¬ 
ing,  or  elbow,  in  the  middle.  I  never  faw  any  hang  per¬ 
pendicularly  down.  It  is  fmall  at  the  lower  end,  feeming 
no  bigger  than  one's  arm,  but  ftill  fuller  towards  the  cloud 
from  whence  it  proceeds. 


When  the  furface  of  the  fea  begins  to  work,  you  fhalf 
fee  the  water  for  about  one  hundred  paces  in  circumference 
foam  and  move  gently  round,  till  the  whirling  motion  in- 
creafes  ;  and  then  it  flies  upward  in  a  pillar,  about  one 
hundred, paces  in  compafs  at  the  bottom,  but  gradually  lef- 


fening  upwards,  to  the  fmallnefs  of  the  fpout  itfelfr 
through  which  the  riling  fea-water  feems  to  be  conveyed 
into  the  clouds.  This  vifibly  appears  by  the  clouds  in- 
creafing  in  bulk  and  blacknefs.  Then  you  fhall  prefently 
fee  the  cloud  drive  along,  though  before  it  feemed  to  be 
without  any  motion.  The  fpout  alfo  keeping  the  fame 
courfe  with  the  cloud,  and  Hill  fucking  up  the  water  as 
it  goes  along,  and  they  make  a  wind  as  they  go*  Thus  it 

con- 


■tontinues  for  half  an  hour*  more  or  lefs,  until  the  fuck¬ 
ing  is  fpent,  and  then  breaking  off,  all  the  water  which 
was  below  the  fpout,  or  pendulous  piece  of  cloud,  falls 
down  again  into  the  fea,  making  a  great  noife  with  its 
falling  and  clafhing  motion  in  the  fea. 

It  is  very  dangerous  for  a  fhip  to  be  under  a  fpout  when 
it  breaks ;  therefore  we  always  endeavour  to  fhun  it,  by 
keeping  at  a  diftance,  if  poffibly  we  can.  But  for  want 
of  wind  to  carry  us  away,  we  are  often  in  great  fear  and 
danger,  for  it  is  ufually  calm  when  fpouts  are  at  work, 
except  only  juft  where  they  are.  Therefore  men  at  fea, 
when  they  fee  a  fpout  a  coming,  and  know  not  how  to 
avoid  it,  do  fometimes  fire  fhot  out  of  their  great  guns  in¬ 
to  it,  to  give  it  air  or  vent,  that  fo  it  may  break  $  but  I 
did  never  hear  that  it  proved  to  be  of  any  benefit. 

And  now  we  are  on  this  fubjefl:,  I  think  it  not  amifs 
to  give  you  an  account  of  an  accident  that  happened  to  a 
fhip  once  on  the  coaft  of  Guinea ,  fome  time  in  or  about 
the* year  1674.  One  Capt.  Records  of  London ,  bound  for 
the  coaft  of  Guinea ,  in  a  fhip  of  three  hundred  tons,  and 
fixteen  guns,  called  the  BleJJing ,  when  he  came  into  la¬ 
titude  feven  or  eight  degrees  North,  he  faw  feveral  fpouts, 
one  of  which  came  diredtly  towards  the  fhip,  and  he 
having  no  wind  to  get  out  of  the  way  of  the  fpout,  made 
ready  to  receive  it  by  furling  the  fails.  It  came  on  very 
fwift,  and  broke  a  little  before  it  reached  the  fhip,  mak¬ 
ing  a  great  noife,  and  railing  the  fea  round  it,  as  if  a  great 
houfe,  or  fome  fuch  thing,  had  been  caft  into  the  fea. 

N  n  2  '  The 
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The  fury  of  the  wind  ft  ill  lafted,  and  took  the  fhip  on  the 
ftar-board-bow  with  fuch  violence,  that  it  fnapt  off  the 
boltfprit  and  foremaft  both  at  once,  and  blew  the  fhip  all 
along,  ready  to  overfet  it ;  but  the  fhip  did  prefently  right 
again,  and  the  wind  whirling  round,  took  the  fhip  a  fe- 
cond  time  with  the  like  fury  as  before,  but  on  the  contra¬ 
ry  fide,  and  was  again  like  to  overfet  her  the  other  way : 
The  mizen-maft  felt  the  fury  of  this  fecond  blaft,  and  was, 
fnapt  fhort  off,  as  the  foremaft  and  boltfprit  had  been 
before.  The  main-maft  and  main-top-maft  received  no 
damage,  for  the  fury  of  the  wind  (which  was  prefently 
ove$)  did  not  reach  them.  Three  men  were  in  the  fore- 
top  when  the  foremaft  broke,  and  one  on  the  boltfprit, 
and  fell  with  them  into  the  fea,  but  all  of  them  were  fa¬ 
yed.  I  had  this  relation  from  Mr  John  Canby ,  who  was 
then  quarter- matter  and  fteward  of  her  $  ,one  Abraham 
Wife  was  chief-mate,  and  Leo?iard  Jefferies  fecond-mate. 

We  are  ufually  much  afraid  of  them,  yet  this  was  the 
only  damage  that  I  ever  heard  done  by  them.  They  feem 
terrible  enough,  the  rather  becaufe  they  come  upon  you 
while  you  lie  becalmed,  like  a  log  in  the  fea,  and  cannot 
get  out  of  their  Way.  But  though  I  have  feen  and  been 
befet  by  them  often,  yet  the  fright  was  always  the  greateft 
of  the  harm.” - Dampier ,  Vol.  I.  page  451. 
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An  Account  of  a  Spout  on  the  Co  a  ft  of  New- 

Guinea,  From  the  fame . 

E  had  fair  clear  weather,  and  a  fine  moderate  gale 
from  South-Earl  to  Eafi:  by  North  ;  but  at  day* 
break  the  clouds  began  to  fly,  and  it  lightened  very  much 
in  the  Eafi:  North -Eafi:.  At  fun  rifing  the  iky  looked 
very  red  in  the  Eafi;  near  the  horizon  -y  and  there  were 
many  black  clouds  both  to  the  South  and  North  of  it.  A- 
bout  a  quarter  of  an  hour  after  the  fun  was  up,  there  was 
a  fquall  to  the  windward  of  us,  when,  on  a  fudden,  one 
of  our  men  on  the  fore-cafide,  called  out  that  he  faw 
fomething  a-ftern,  but  could  not  tell  what.  I  looked  out 
for  it,  and  immediately  faw  a  fpout  beginning  to  work 
within  a  quarter  of  a  mile  of  us,  exactly  in  the  wind ; 
We  prefently  put  right  before  it.  It  came  very  fwiftly, 
whirling  the  water  up  in  a  pillar,  about  fix  or  feven  yards 
high.  As  yet  I  could  not  fee  any  pendulous  cloud  from 
whence  it  might  come  ;  and  was  in  hopes  it  would  foon 
lofe  its  force.  In  four  or  five  minutes  time  it  came  with¬ 
in  a  cable’s  length  of  us,  and  paflfed  away  to  leeward ; 
and  then  I  faw  a  long  pale  ftream  coming  down  to  the 
whirling  water.  This  ftream  was  about  the  bignefs  of 
a  rainbow.  The  upper  end  feemed  vaftly  high,  not  de- 

fcend- 
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fcending  from  any  dark  cloud,  and,  therefore,  the  more 
ftrange  to  me,  I  never  having  feen  the  like  before.  It 
paft  about  a  mile  to  the  leeward  of  us,  and  then  broke. 
This  was  but  a  fmall  fpout,  and  notftrong  nor  dialling  ;  yet 
I  perceived  much  wind  in  it  as  it  palled  by  us.  Vol.  Ill* 
page  223- 


Account  of  another  Spout.  From  the  fame , 

CC  \  \  TE  faw  a  fpout  but  a  fmall  diftance  from  us 
W  it  fell  down  out  of  a  black  cloud  that 
yielded  great  ftore  of  rain,  thunder,  and  lightning.  This 
cloud  hovered  to  the  Southward  of  us  for  the  fpace  of 
three  hours,  and  then  drew  to  the  Weftward  a  great  pace, 
at  which  time  it  was  that  we  faw  the  fpout,  which  hung 
faft  to  the  cloud  till  it  broke,  and  then  the  cloud  whirled 
about  to  the  South-Eaft,  then  to  the  North-Eaft,  where 
meeting  with  an  ifland,  it  fpent  itfelf,  and  fo  difperfed  $ 
and  immediately  we  had  a  little  of  the  tail  of  it,  having 
had  none  before.”  Vol.  III.  page  182. 

*  Probably  if  it  had  been  lading,  a  cloud  would  have  been  formed  a- 
bove  it.  Thefe  extracts  from  D ampler ,  feem,  in  different  inftances,  to 
favour  both  opinions,  and,  therefore,  are  inferted  entire,  for  the  Reader’s 
confideration. 
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ExtraS  of  a  Letter  from  J.  B.  Efq\  in  Bofton, 
to-  B.  F.  concerning  the  Light  in  Sea-Water. 


November  12,  1753. 


H  E  N  I  was  at  the  Eaftward,  I 
had  an  opportunity  of  obferving 
the  luminous  appearance  of  the 


Society,  Dec . 
*  16,  17  56. 


fea  when  difturbed  :  At  the  head  and  ftern  of  the  veffel. 

■Jj  — 

when  under  way,  it  appeared  very  bright  The  bed  op¬ 
portunity  I  had  to  obferve  it,  was  in  a  boat,  in  company 
with  feveral  Gentlemen  going  from  Portfmouthy  about 
three  miles,  to  our  veffel  lying  at  the  mouth  of  Pifcata - 
qua  River.  Soon  after  we  fet  off  (it  being  in  the  even¬ 
ing)'  we  obferveda  luminous  appearance,  where  the  oars, 
dafhed  the  water.  Sometimes  it  was  very  bright,  and  af¬ 
terwards  as  we  rowed  along,  gradually  leffened,  till  almoft 
imperceptible,  and  then  re-illumined.  This  we  took  no¬ 
tice  of  feveral  times  in  the  paffage.  When  I  got  on  board 
the  veffel,  I  ordered  a  pail  to  be  dipped  up,  full  of  fea- 
water,  in  which,  on  the  water's  being  moved,  a  fparkling 
light  appeared.  I  took  a  linnen  cloth,  and  drained  forne 
of  the  water  through  it,  and  there  was  a  like  appearance, 
on  the  cloth,  which  foon  went  off 5  but  on  rubbing  the 

cloth 
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cloth  with  my  finger,  it  was  renewed.  I  than  carried  the 
cloth  to  the  light,  but  could  not  perceive  any  thing  upon 
it  which  fhould  caufe  that  appearance. 

Several  Gentlemen  were  of  opinion,  that  the  feparated 
particles  of  putrid,  animal,  and  other  bodies,  floating  on 
the  furface  of  the  fea,  might  caufe  that  appearance  ;  for 
putrid  fifh,  &c.  they  laid,  will  caufe  it  :  And  the  fea-ani- 
mals  which  have  died,  and  other  bodies  putrified  therein 
fince  the  creation,  might  afford  a  fufficient  quantity  of 
thefe  particles  to  cover  a  confiderable  portion  of  the  fur- 
face  of  the  fea  $  which  particles  being  differently  difperfed, 
might  account  for  the  different  degrees  of  light  in  the  ap¬ 
pearance  above-mentioned.  But  this  account  feems  liable 
to  this  obvious  objedtion,  That  as  putrid  fifh,  &c.  make  a 
luminous  appearance  without  being  moved  or  difturbed, 
it  might  be  expected  that  the  fuppofed  putrid  particles 
on  the  furface  of  the  fea,  fhould  always  appear  luminous, 
where  there  is  not  a  greater  light ;  and,  confequently,  that 
the  whole  furface  of  the  fea,  covered  with  thofe  particles, 
fhould  always,  in  dark  nights,  appear  luminous,  without 
being  difturbed.  But  this  is  not  fadh 

Among  the  reft,  I  threw  out  my  conjedhire,  That  the 
faid  appearance  might  be  caufed  by  a  great  number  of 
little  animals,  floating  on  the  furface  of  the  fea,  which,  on 
being  difturbed,  might,  by  expanding  their  finn?,  or  other- 
wife  moving  themfelves,  expofe  fuch  a  part  of  their  bo- 

9 

dies  as  exhibits  a  luminous  appearance,  fomewhat  in  the 
manner  of  a  glow-worm,  or  fire-fly:  That  thefe  animals 

may 
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may  be  more  numerous  in  Tome  places  than  others  ;  and, 
therefore,  that  the  appearance  above-mentioned  being 
fainter  and  ftronger  in  different  places,  might  be  owing  to 
that  ;  That  certain  circumftances  of  weather,  &c.  might 
invite  them  to  the  furface,  on  which,  in  a  calm,  they 
might  fport  themfelves  and  glow  j  or  in  ftorms,  being  for¬ 
ced  up,  make  the  fame  appearance. 

There  is  no  difficulty  in  conceiving  that  the  fea  may  be 
ftocked  with  animalcula  for  this  purpofe,  as  we  find  all 
Nature  crowded  with  life.  But  it  feems  difficult  to  con¬ 
ceive  that  fuch  finall  portions  of  matter,  even  if  they  were 
wholly  luminous,  ffiould  affedt  our  fight ;  much  more  fo, 
when  it  is  fuppofed  that  only  a  part  of  them  is  luminous. 
But,  if  we  confider  fome  other  appearances,  we  may  find 
the  fame  difficulty  to  conceive  of  them ;  and  yet  we  know 
they  take  place.  For  infiance,  the  flame  of  a  candle,' 
which,  it  is  faid,  may  be  feen  four  miles  round.  The 
light  which  fills  this  circle  of  eight  miles  diameter,  was 
contained  when  it  firft  left  the  candle  within  a  circle  of 
half  an  inch  diameter.  If  the  denfity  of  light,  in  thefe 
circumftances,  be  as  thofe  circles  to  each  other,  that  is, 
as  the  fquares  of  their  diameters,  the  candle-light,  when  ' 
come  to  the  eye,  will  be  1027709337600  times  rarer 
than  when  it  quitted  the  half  inch  circle.  Now  the  aper¬ 
ture  of  the  eye,  through  which  the  light  pafies,  does  not 
exceed  one-tenth  of  an  inch  diameter,  and  the  portion 
of  the  lefler  circle,  which  correfponds  to  this  finall  por¬ 
tion  of  the  greater  circle,  muft  be  proportionably,  that 

O  o  is, 
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Is,  1027709337600  times  lefs  than  one-tenth  01  an  inchj 
and  yet  this  infinitely  finali  point  (if  you  will  allow  the 
cxpreffion)  affords  light  enough  to  make  it  vifible  four 
miles ;  or,  rather,  affords  light  fufficient  to  afffd  the  fight 
at  that  diftance. 

The  fmallnefs  of  the  animalcula  is  no  objedlion  then  to 
this  conjecture  ;  for  fuppofing  them  to  be  ten  thoufand 
times  lefs  than  the  minimum  vifibile ,  they  may,  notwith- 
ftanding,  emit  light  enough  to  affedt  the  eyes,  and  fo  to 
caufe  the  luminous  appearance  aforefaid.  This  conjedture 
I  fend  you  for  want  of  fomething  better. 


Farther  Remarks  hy  a  Gentleman  of  New-York. 


Read  at  the  Royal- 
Society,  Dec .  16, 
J756* 


April  2,  1754.. 

N  Y  knowledge  I  have  of  the 
winds,  and  other  changes  which 
happen  in  the  atmofphere,  is  fo 
very  defective  that  it  does  not  deferve  the  name  ;  neither 
have  I  received  any  fatisfadtion  from  the  attempts  of  others 
on  this  fubjedt.  It  deferves  then  your  thoughts,  as  a  fub- 
jedt  in  which  you  may  diftinguifn  yourfelf  and  be  ufefu!. 

Your  notion  of  fome  things  conducing  heat  or  cold 
better  than  others,  pleafes  me,  and  I  wifh  you  may  purfue 

the  fcent.  If  I  remember  right,  Dr  Boerhaave ,  in  his 

chy- 


chymiftry,  thinks  that  heat  is  propagated  by  the  vibration 
of  a  fubtle  elaflic  fluid,  difperfed  through  the  atmofphere 
and  through  all  bodies.  Sir  Ijaac  Newton  fays,  there  are 
many  phenomena  to  prove  the  exiftence  of  fuch  a  fluid  $ 
and  this  opinion  has  my  aflent  to  it.  I  fhall  only  obferve 
that  it  is  eiTentially  different  from  that  which  I  call  aether  5 
for  asther,  properly  fpeaking,  is  neither  a  fluid  nor  elaflic  5 
its  power  confifts  in  re-adting  any  adtion  communicated  to 
it,  with  the  fame  force  it  receives  the  adtion. 

I  long  to  fee  your  explication  of  water-fpouts,  but  I 
muff  tell  you  before  hand,  that  it  will  not  be  eafy  for 
you  to  convince  me  that  the  principal  phenomena  were 
not  occafioned  by  a  ftream  of  wind  ifluing  with  great 
force,  my  eyes  and  ears  both  concurring  to  give  me  this 
fentiment,  I  could  have  no  more  evidence  than  to  feel  the 
effedts,  which  I  had  no  inclination  to  do. 

It  furprifes  me  a  little,  that  wind,  generated  by  fermen¬ 
tation,  is  new  to  you,  fince  it  may  be  every  day  obferved 
in  fermenting  liquor.  You  know  with  what  force  fer¬ 
menting  liquors  will  burft  the  veffels  which  contain  them* 
if  the  generated  wind  have  not  vent  j  and  with  what 
force  it  iffues  on  giving  it  a  fmall  vent,  or  by  drawing  the 
cork  of  a  bottle.  Dr  Boerbaave  fays,  that  the  fleam  i fill¬ 
ing  from  fermenting  liquors  received  through  a  very  fmall 
vent-hole,  into  the  nofe,  will  kill  as  fuddenly  and  certain¬ 
ly  as  lightning.  That  air  is  generated  by  fermentation,  I 
think  you  will  find  fully  proved  in  Dr  Hales'  $  Analyfis  of 
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the  air,  in  Ills  Vegetable  Statics,  If  you  have  not  read  the 
book,  you  have  a  new  pleasure  to  come. 

The  folution  you  give  to  the  objection  I  made  from  the 
contrary  winds  blowing  from  the  oppofite  fides  of  toe 
mountains,  from  their  being  eddies,  does  not  pleafe  me, 
becaufe  the  extent  of  thefe  winds  is  by  far  too  large  to  be 
occafioned  by  an  eddy.  It  is  forty  miles  fiom  New-Y'ork 
to  our  mountains,  througn  which  Hudjbu  s  River  os  lies. 
The  river  runs  twelve  miles  in  the  mountains,  and  from 
the  North  fide  of  the  mountains  it  is-  about  ninety  miles 
to  Albany.  I  have  myfelf  been  on  board  a  veffel  more 
than  once,  when  we  have  had  a  ftrong  Northerly  wind 
againft  us,  all  the  way  from  New-Tork ,  for  two  or  three 
days.  We  have  met  veffels  from  Albany ,  who  allured  us, 
that,  on  the  other  fide  of  the  mountains,  they  had,  at  the 
fame  time,  a  flrong  continued  Southerly  wind  againft 

them  ;  and  this  frequently  happens., 

I  have  frequently  feen  both,  on  the  river,  in  places 
where  there  could  be  no  eddy-winds,  and  on  the  open  fea, 
two  veffels  failing  with  contrary  winds,  within  half  a  mile 
of  each  other ;  but  this  happens  only  in  eafy  winds,  and 
generally  calm  in  other  places  near  thefe  winds. 

You  have,  no  doubt,  frequently  obferved  a  fingle  cloud, 
oafs,  from  which  a  violent  guft  of  wind  iffues,  but  of  no 
great  extent.  I  have  obferved  fuch  a  guft  make  a  lane 
through  the  woods,  of  feme  miles  in  length,  by  laying  the 
trees  flat  to  the  ground,  and  not  above  eight  or  ten  chains 
in  breadth.  Though  the  violence  of  the  wind  be  in  the 

fam® 


fame  direction  in  which  the  cloud  moves  and  precedes  it, 
yet  wind  iflues  from  all  fides  of  it  j  fo  that  fuppofing  the 
cloud  move  South- Eafterly,  thofe  on  the  North-Eaft  fide 
of  it  feel  a  South-Weft  wind,  and  others  on  the  South- 
Weft  fide,  a  North  Eaft.  And  where  the  cloud  pafles 
over,  we  frequently  have  a  South-Eaft  wind  from  the 
hinder  part  of  it,  but  none  violent,  except  the  wind  in  the 
diredtion  in  which  the  cloud  moves.  To  fhew  what  it  is 
which  prevents  the  wind  from  iffuing  out  equally  on  all 
lldes*  is  not  an  eafy  problem  to  me,  and  I  (hall  not  at¬ 
tempt  to  folve  it  but  when  you  fhall  fhew  what  it  is 
which  reftrains  the  ele&rical  fluid  from  fpreading  itfelf  in¬ 
to  the  air  furrounding  it,  when  it  rufhes  with  great  vio¬ 
lence  through  the  air  along,  or  in  the  conductor,  for  a 
great  extent  in  length,  then  I  may  hope  to  explain  the  Ci¬ 
ther  problem,  and  remove  the  difficulty  we  have  in  con¬ 
ceiving  it. 


Pro- 
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Propofal  of  an  Experiment  to  meafure  the 
time  taken  up  hy  an  PleEiric  Spark ,  in  moving 
through  any  given  Space.  By  J.  A.  Ejqi  of 
New- York. 


Read  at  the  Roy 
al  Society  Dec. 
26,  1756. 


F  I  remember  right,  the  Royal  Society 

made  one  experiment  to  difcover  the 
velocity  of  the  electric  fire,  by  a  wire 

of  about  four  miles  in  length,  fupported  by  filk,  and  by 
turning  it  forwards  and  backwards  in  a  field,  fo  that  the 
beginning  and  end  of  the  wire  were  at  only  the  diftance 
of  two  people,  the  one  holding  the  Leyden  bottle  and  the 
beginning  of  the  wire,  and  the  other  holding  the  end  of 
the  wire  and  touching  the  ring  of  the  bottle ;  but  by  this 
experiment  no  difcovery  was  made,  except  that  the  veloci¬ 
ty  was  extremely  quick* 

As  water  is  a  conductor  as  well  as  metals,  it  is  to  be 
confidered  whether  the  velocity  of  the  eledtric  fire  might 
not  be  difcovered  by  means  of  water  ;  whether  a  river,  or 
lake,  or  fea,  may  not  be  made  part  of  the  circuit  through 
which  the  eledtric  fire  paffes  ?  inftead  of  the  circuit  all  of 
wire,  as  in  the  above  experiment. 

Whether  in  a  river,  lake,  or  fea,  the  eledlric  fire  will 
not  diffipate  and  not  return  to  the  bottle  ?  or,  will  it  pro¬ 
ceed  in  ftrait  lines  through  the  water  the  fhorteft  courfes 
pofiible  back  to  the  bottle. 

If  the  laft,  then  fuppofe  one  brook  that  falls  into  Dela¬ 
ware  doth  head  very  near  to  a  brook  that  falls  into  Schuyl¬ 
kill, 
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kill,  and  let  a  wire  be  ftretched  and  fupported  as  before, 
from  the  head  of  the  one  brook  to  the  head  of  the  other, 
and  let  the  one  end  communicate  with  the  water,  and  let 
one  perfon  (land  in  the  other  brook,  holding  the  Leyaen 
bottle,  and  let  another  perfon  hold  that  end  of  the  wire 
not  in  the  water,  and  touch  the  ring  of  the  bottle. — If  the 
eledric  fire  will  go  as  in  the  laft  queftion,  then  will  it  go 
down  the  one  brook  to  Delaware  or  Schuylkill,  and  down 
one  of  them  to  their  meeting,  and  up  the  other  and  the  0- 
ther  brook  ;  the  time  of  its  doing  this  may  poffibly  be  ob- 
and  the  further  upwards  the  biooks  aie  chofen,  the 

more  obfervabie  it  would  be.  * 

Should  this  be  not  obfervabie,  then  fuppofe  the  two 
brooks  falling  into  Safquehana  and  Delaware,  and  proceed¬ 
ing  as  before,  the  eledric  fire  may,  by  that  means,  make  a 

•.iD  3 

circuit  round  the  North  Cape  of  Virginia,  and  go  many 
hundreds  of  miles,  and  in  doing  that,  it  would  feem  it  mull 
take  fome  obfervabie  time. 

If  ftill  no  obfervabie  time  is  found  in  that  experiment, 
then  fuppofe  the  brooks  falling  the  one  into  the  Ohio,  and 
the  other  into  Safquehana ,  or  Potomack,  in  that  the  eledric 
fire  would  have  a  circuit  of  fome  thoufands  of  miles  to  go 
down  Ohio  to  Mijjijifpi ,  to  the  Bay  of  Mexico,  round  Flori¬ 
da,  and  round  the  South  Cape  of  Virginia ;  which,  I  think, 
would  give  fome  obfervabie  time,  and  difcover  exadly  the 

velocity. 

But  if  the  eledric  fire  diffipates,  or  weakens  in  the  water, 
as  I  fear  it  does,  thefe  experiments  will  not  anfwer. 

An- 
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Anfisa  er  to  the  foregoing  ;  by  B.  F. 


Read  at  the  Royal- 
Society,  Idee.  23, 


1756. 


Uppofe  a  tube  of  any  length  open  at 
both  ends,  and  containing  a  movea¬ 
ble  wire  of  juft  the  fame  length* 


that  fills  its  bore.  If  I  attempt  to  introduce  the  end  of 
another  wire  into  the  fame  tube,  it  muft  be  done  by  puflh- 
ing  forward  the  wire  it  already  contains ;  and  the  inftant  I 
prefs  and  move  one  end  of  that  wire,  the  other  end  is  alfo 
moved  3  and  in  introducing  one  inch  of  the  fame  wire,  I 
extrude,  at  the  fame  time,  an  inch  of  the  firft,  from  the 
other  end  of  the  tube. 

If  the  tube  be  filled  with  water,  and  I  injedt  an  additio¬ 
nal  inch  of  water  at  one  end,  I  force  out  an  equal  quantity 
at  the  other,  in  the  very  fame  inftant. 

And  the  water  forced  out  at  one  end  of  the  tube  is  not 

the  very  fame  water  that  was  forced  in  at  the  other  end 
at  the  fame  time,  it  was  only  in  motion  at  the  fame  time. 

The  long  wire  made  ufe  of  in  the  experiment  to  difeo- 
ver  the  velocity  of  the  eledtric  fluid,  is  itfelf  filled  with 
what  we  call  its  natural  quantity  of  that  fluid,  before  the 
hook  of  the  Leyden  bottle  is  applied  to  one  end  of  it. 

The  outfide  of  the  bottle  being  at  the  time  of  fuch  ap¬ 
plication,  in  contadt  with  the  other  end  of  the  wire;  the 


whole 


whole  quantity  of  eledric  fluid  contained  in  the  wire  is, 
probably,  put  in  motion  at  once. 

For  at  the  inftant  the  hook,  conneded  with  the  infide 
of  the  bottle,  gives  cut-,  the  coating,  or  outfide  of  the  bot¬ 
tle,  draws  in  a  portion  of  that  fluid. 

If  fuch  long  wire  contains  precifely  the  quantity  that 
the  outfide  of  the  bottle  demands,  the  whole  will  move 
out  of  the  wire  to  the  outfide  of  the  bottle,  and  the  over 
quantity  which  the  infide  of  the  bottle  contained,  being 
exadly  equal,  will  flow  into  the  wire,  and  remain  there, 
in  the  place  of  the  quantity  the  wire  had  juft  parted  with 
to  the  outfide  of  the  bottle. 

But  if  the  wire  be  fo  long  as  that  one-tenth  (fuppofe) 
of  its  natural  quantity  is  fufficient  to  fupply  what  the  out¬ 
fide  of  the  bottle  demands,  in  fuch  cafe  the  outfide  will 
only  receive  what  is  contained  in  one-tenth  of  the  wire’s 
length,  from  the  end  next  to  it ;  though  the  whole  will 
move  lb  as  to  make  room  at  the  other  end  for  an  equal  quan¬ 
tity  ifiuing,  at  the  fame  time,  from  the  infide  of  the  bottle. 

So  that  this  experiment  only  Ihews  the  extream  faci¬ 
lity  with  which  the  eledric  fluid  moves  in  metal ;  it  can 
never  determine  the  velocity. 

And,  therefore,  the  propofed  experiment  (though  well 
imagined,  and  very  ingenious)  of  fending  the  fpark  round 
through  a  vaft  length  of  fpace,  by  the  waters  of  Sufquehan- 
nah,  or  Potowmack ,  and  Ohio,  would  not  afford  the  fatis- 
fadion  defired,  though  we  could  be  fure  that  the  motion 
of  the  eledric  fluid  would  be  in  that  trad,  and  not  under 
ground  in  the  wet  earth  by  the  fhorteft  way, 
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An  Account  of  the  new-invented  Penfylvanian 
Fire-Places  ;  Wherein  their  ConfiruEhon  and 
Manner  of  Operation  is  particularly  explained ; 
their  Advantages  above  every  Gther  Method  of 
wanning  Rooms  demonft rated ;  and  all  Objec¬ 
tions  that  have  been  raifed  againfi  the  Uje  of 
them ,  anfwered  and  obviated .  With  Directi¬ 
ons  for  putting  them  up3  and for  ufng  them 
to  the  bejl  Advantage .  And  a  Copper-Plate , 
in  which  the  feveral  Parts  of  the  Machine  are 
exactly  laid  down ,  from  a  Scale  of  equal  Parts, 

By  B*  F.  firjl  printed  at  Philadelphia  in  1745. 

IN  thefe  Northern  Colonies  the  inhabitants  keep  fires 
to  fit  by,  generally  feven  months  in  the  year  ;  that  is, 
from  the  beginning  of  October ,  to  the  end  of  April  •  . 
and,  in  fome  winters,  near  eight  months,  by  taking  in  part 
of  September  and  May . 

Wood,  our  common  fuel,  which  within  thefe  hundred 
years  might  be  had  at  every  man’s  door,  muft  now  be 
fetched  near  one  hundred  miles  to  fome  towns,  and  makes 
a  very  confiderable  article  in  the  expence  of  families. 

As  therefore  fo  much  of  the  comfort  and  conveniency 
of  our  lives,  for  fo,  great  a  part  of  the  year,  depends  on 
the  article  of  fire  ;  fince  fuel  is  become  fo  expenfive,  and 
(as  the  country  is  more  cleared  and  fettled)  will  of  courfe 
grow  fcarcer  and  dearer,  any  new  propofal  for  faving  the 

wood*. 
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wood,  and  for  leffening  the  charge,  and  augmenting  the 
benefit  of  fire,  by  fome  particular  method  of  making  and 
managing  it,  may  at  lead:  be  thought  worth  confideration. 

The  new  Fire-Places  are  a  late  invention  to  that  pur- 
pofe,  of  which  this  paper  is  intended  to  give  a  particular 

account. 

That  the  reader  may  the  better  judge  whether  this  me¬ 
thod  of  managing  fire  has  any  advantage  over  thofe  here¬ 
tofore  in  ufe,  it  may  be  proper  to  confider  both  the  old 
and  new  methods  feparately  and  particularly,  and  after¬ 
wards  make  the  comparifon. 

In  order  to  this,  ’tis  necelfary  to  underftand  well,  fome 
few  of  the  properties  of  air  and  fire,  viz. 

1.  Air  is  rarified  by  heat ,  and  condens’d  by  cold-,  i.  <?. 
the  fame  quantity  of  air  takes  up  more  fpace  when  warm 
than  when  cold.  This  may  be  fhown  by  feveral  very 
eafy  experiments.  Take  any  clear  glafs  bottle  (a  Florence 
flafk  ftript  of  the  ftraw  is  beft)  place  it  before  the  fire,  and 
as  the  air  within  is  warmed  and  rarified,  part  of  it  will  be 
driven  out  of  the  bottle ;  turn  it  up,  place  its  mouth  in  a 
veffel  of  water,  and  remove  it  from  the  fire  ;  then,  as  the 
air  within  cools  and  contracts,  you  will  fee  the  water  rife 
in  the  neck  of  the  bottle,  fupplying  the  place  of  juft  fo 
much  air  as  was  driven  out.  Hold  a  large  hot  coal  near 
the  fide  of  the  bottle,  and  as  the  air  within  feels  the  heat, 

it  will  again  diftend  and  force  out  the  water. - Or,  fill 

a  bladder  half  full  of  air,  tie  the  neck  tight,  and  lay  it  be¬ 
fore  a  fire  as  near  as  may  be  without  fcorching  the  blad- 
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der  ;  as  the  air  within  heats,  you  will  perceive  it  to  fwell 
and  fill  the  bladder,  till  it  becomes  tight,  as  if  full  blown  ; 
Remove  it  to  a  cool  place,  and  you  will  fee  it  fall  gradu¬ 
ally,  till  it  becomes  as  lank  as  at  firft. 

2,  Air  ratified  and  diflended  by  heat,  is  *  fpecifically 
lighter  than  it  was  before,  and  will  rife  in  other  air  of  greater 
denfity.  As  wood,  oil,  or  any  other  matter  fpecifically 
lighter  than  water,  if  placed  at  the  bottom  of  a  veffel  of 
water,  will  rife  till  it  comes  to  the  top  ;  fo  rarified  air  will 
rife  in  common  air,  till  it  either  comes  to  air  of  equal 
weight,  or  is  by  cold  reduced  to  its*  former  denfity. 

A  fire  then  being  made  in  any  chimney,  the  air  over 
the  fire  is  rarified  by  the  heat,  becomes  lighter,  and  there¬ 
fore  immediately  rifes  in  the  funnel,  and  goes  out y  the 
other  air  in  the  room  (flowing  towards  the  chimney)  fup- 
plies  its  place,  is  rarified  in  its  turn,  and  rifes  like  wife  • 
the  place  of  the  air  thus  carried  out  of  the  room,  is  fup- 
plied  by  frefh  air  coming  in  through  doors  and  windows, 
or,  if  they  be  fhut,  through  every  crevice  with  violence,  as 
may  be  feen  by  holding  a  candle  to  a  key-hole  :  If  the 
room  be  fo  tight  as  that  all  the  crevices  together  will  not 
fupply  fo  much  air  as  is  continually  carried  off,  then,  in  a 
little  time,  the  current  up  the  funnel  muff  flag,  and  the 
fmoke  being  no  longer  driven  up,  muff  come  into  the  room. 

*  Body  or  matter  of  any  fort,  is  faid  to  be  fpecifically  heavier  or  light¬ 
er  than  other  matter,  when  it  has  more  or  Jefs  fubftance  or  weight  in  the 
fame  dimenftons*. 

St 

1.  Fire, 
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1.  Fire,  (*.  e.  common  fire)  throws  out  light,  heat,  and 
fmoke  (or  fume.)  The  two  firft  move  in  right  lines,  and 
with  great  fwiftnefs,  the  latter  is  but  juft  feparated  from 
the  fuel,  and  then  moves  only  as  it  is  carried  by  the  ftreara 
of  rarified  air  :  And  without  a  continual  accefilon  and  re- 
ceffion  of  air,  to  carry  off  the  fmoaky  fumes,  they  would 

remain  crouded  about  the  fire,  and  ftifie  it. 

2.  Heat  may  be  feparated  from  the  imoke  as  well  as 
from  the  light,  by  means  of  a  plate  of  iron,  whicti  will 
fuffer  heat  to  pafs  through  it  without  the  others. 

3.  Fire  fends  out  its  rays  of  heat,  as  well  as  rays  of 
light,  equally  every  way  ;  but  the  greateft  fenfible  heat  is 
over  the  fire,  where  there  is,  befides  the  rays  of  heat  (hot 
upwards,  a  continual  riling  ftream  of  hot  air,  heated  by  the 
rays  fhot  round  on  every  fide, 

Thefe  things  being  underftood,  we  proceed  to  confider 
the  Fire-places  heretofore  in  ufe,  viz. 

1.  The  large  open  fire-places  ufed  in  the  days  of  out 
fathers,  and  ftill  generally  in  the  country,  and  in  kitchens, 

2.  The  newer- fafhioned  fire-places,  with  low  breads, 
and  narrow  hearths. 

3.  Fire-places  with  hollow  backs,  hearths  and  jams  of 
iron,  (defcribed  by  M.  G auger ,  in  his  tract  entitled.  La 
Mechanique  de  Feu )  for  warming  the  air  as  it  comes  into 
the  room. 

4.  The  Holland  (loves,  with  iron  doors  opening  into  the 
room, 

~  *  ■'  '  -  5,  The 
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5.  The  German  ftoves,  which  have  no  opening  in  the 
room  where  they  are  ufed,  but  the  fire  is  put  in  from  fome 
other  room,  or  from  without. 

6.  Iron  pots,  with  open  charcoal  fires,  placed  in  the 
middle  of  a  room. 

1.  The  firftof  thefe  methods  has  generally  the  conve- 
niency  of  two  warm  feats,  one  in  each  corner  3  but  they 
are  fometimes  too  hot  to  abide  in,  and,  at  other 
times,  incommoded  with  the  fmoke  3  there  is  like  wife 
good  room  for  the  cook  to  move,  to  hang  on  pots,  &c> 
Their  inconveniences  are,  that  they  almoft  always  fmoke, 
if  the  door  be  not  left  open  3  that  they  require  a  large 
funnel,  and  a  large  funnel  carries  off  a  great  quantity  of 
air,  which  occafions  what  is  called  a  firong  draft  to  the 
chimney,  without  which  firong  draft,  the  fmoke  would 
come  out  of  fome  part  or  other  of  fo  large  an  opening,  fo 
that  the  door  can  feldom  be  (hut  3  and  the  cold  air  fo  nips 
the  backs  and  heels  of  thofe  that  lit  before  the  fire,  that 
they  have  no  comfort  till  either  fcreens  or  fettles  are  pro¬ 
vided  (at  a  confiderable  expence)  to  keep  it  off,  which  both 
cumber  the  room,  and  darken  the  fire  fide.  A  moderate 
quantity  of  wood  on  the  fire,  in  fo  large  a  hearth,  feems  but 
little  3  and,  in  fo  firong  and  cold  a  draught,  warms  but  lit¬ 
tle  3  fo  that  people  are  continually  laying  on  more.  In 
fhort,  'tis  next  to  impoflible  to  warm  a  room  with  fuch  a 
fire-place :  And  I  fuppofe  our  anceftors  never  thought  of 
warming  rooms  to  fit  in  3  all  they  purpos’d  was,  to  have 
a  place  to  make  a  fire  in,  by  which  they  might  warm 
themfelves  when  cold. 


2.  Moft 


2.  Mod  of  thefe  old-fafhkwied  chimneys  in  towns  and 
cities,  have  been,  of  late  years,  reduced  to  the  fecond  fort 
mentioned,  by  building  jambs  within  them,  narrowing  the 
hearth,  and  making  a  low  arch  or  bread.  ’Tis  drange, 
methinks,  that  though  chimneys  have  been  fo  long  in  ufe, 
their  condrudiion  fhould  be  fo  little  underdood  till  lately, 
that  no  workman  pretended  to  make  one  which  fhould 
always  carry  off  all  the  fmoke,  but  a  chimney- cloth  was 
looked  upon  as  effential  to  a  chimney.  This  improve¬ 
ment,  however,  by  fmall  openings  and  low  breads,  has 
been  made  in  our  days ;  and  fuccefs  in  the  fird  experi¬ 
ments  has  brought  it  into  general  ufe  in  cities,  fo  that  al- 
mod  all  new  chimnies  are  now  made  of  that  fort,  and 
much  fewer  bricks  will  make  a  dack  of  chimneys  now 
than  formerly.  An  improvement  fo  lately  made,  may 
give  us  room  to  believe,  that  dill  farther  improvements 
may  be  found  to  remedy  the  inconveniencies  yet  remaining. 
For  thefe  new  chimneys,  though  they  keep  rooms  gene¬ 
rally  free  from  fmoke,  and,  the  opening  being  contradfed^ 
will  allow  the  door  to  be  fhut,  yet  the  funnel  dill  requir¬ 
ing  a  confiderable  quantity  of  air,  it  rufhes  in  at  every 
crevice  fo  drongly,  as  to  make  a  continual  whidling  or 
howling,  and  it  is  very  uncomfortable,  as  well  as  danger¬ 
ous,  to  fit  againd  any  fuch  crevice..  Many  colds  are  caught 
from  this  caufe  only,  it  being  fafer  to  fit  in  the  open  dreet,; 
for  then  the  pores  do  all  clofe  together,  and  the  air  does 
not  ftrike  fo  fharply  againd  any  particular  part  of  the  body. 

The; 
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The  Spaniards  have  a  proverbial  faying. 

If  the  wind  blows  on  you  through  a  hole > 

Make  your  will ,  and  take  care  of  your  foul. 

Women,  particularly,  from  this  caufe,  as  they  fit  much 
in  the  houfe,  get  colds  in  the  head,  rheums  and  defludi- 
ons,  which  fall  into  their  jaws  and  gums,  and  have  de- 
ftroyed  early  many  a  fine  fet  of  teeth  in  thefe  Northern  co¬ 
lonies.  Great  and  bright  fires  do  alfo  very  much  contri¬ 
bute  to  damage  the  eyes,  dry  and  fhrivel  the  Ikin',  and 
bring  on  early  the  appearances  of  old  age.  In  fhort,  ma¬ 
ny  of  the  difeafes  proceeding  from  colds,  as  fevers,  pleu- 
rifies,  &c.  fatal  to  very  great  numbers  of  people,  may  be 
afcribed  to  ftrong  drawing  chimneys,  whereby,  in  fevere 
weather,  a  man  is  fcorched  before,  while  he  is  froze  be¬ 
hind  *.  In  the  mean  time,  very  little  is  done  by  thefe 

chimneys 

*  As  the  writer  is  neither  phyfician  nor  philofopber,  the  reader  may 
expea  he  ihould  juftify  thefe  his  opinions  by  the  authority  of  fome  that 
are  fo.  M.  Clare ,  F.R.S.  in  his  treatife  of  The  motion  of  fluids,  fays,  pag , 
246,  &c,  “  And  here  it  maybe  remarked,  that  it  is  more  prejudicial  to 
health,  to  fit  near  a  window  or  door,  in  a  room  where  there  are  many 
candles  and  a  fire,  than  in  a  room  without;  for  the  confumption  of  air 
<c  thereby  occafioned,  will  always  be  very  confiderable,  and  this  muil  ne- 
«<  ceflarily  be  replaced  by  cold  air  from  without  Down  the  chimney  can 
«  enter  none,  the  ftream  of  warm  air,  always  arifing  therein,  abfolutely 
c<  forbids  it  ;  the  fupply  muft  therefore  come  in  wherever  other  operi- 
ings  fhall  be  found.  If  thefe  happen  to  be  fmall,  Ar near 
cc  t}jem  beware ;  the  fmaller  the  floodgate,  the  fmarter  will  be  the  fiream. 
cs  Was  a  man,  even  in  a  fweat,  to  leap  into  a  cold  bath,  or  jump  from 
“  his  warm  bed,  in  the  intenfeft  cold,-  even  in  a  froft,  provided  he  do  not 
continue  over-long  therein,  and  be  in  health  when  he  does  this,  we  fee 
«  by  experience  that  he  gets  no  harm.  If  he  fits  a  little  while  again!]:  a 
window,  into  which  a  fucceflive  current  of  cold  air  comes,  his  pores  are 

ciofed,  and  he  gets  a  fever.  In  the  firft  cafe,  the  fhock  the  body  en¬ 
dures 
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chimneys  towards  warming  the  room  ;  for  the  air  round 
the  fire-place,  which  is  warmed  by  the  diredt  rays  from 
the  fire,  does  not  continue  in  the  room,  but  is  continually 
crouded  and  gathered  into  the  chimney  by  the  current  of 

cold  air  coming  behind  it,  and  fo  is  prefently  carried  off. 

\ 

dures  is  general,  uniform,  and  therefore  lefs  fierce  ;  in  the  other  a  fingle 
cc  part,  a  neck  or  ear  perchance,  is  attacked,  and  that  with  the  greater 
violence  probably,  as  it  is  done  by  a  fuccefiive  ftream  of  cold  air.  And 
the  cannon  of  a  battery,  pointed  againft  a  fingle  part  of  a  baftion,  will 
“  eafier  make  a  breach  than  were  they  directed  to  play  fingly  upon  the 
w  whole  face,  and  will  admit  the  enemy  much  fooner  into  the  town.” 

That  warm  rooms,  and  keeping  the  body  warm  in  winter,  are  means 
of  preventing  fuch  difeafes,  take  the  opinion  of  that  learned  Italian  phyfi- 
cian  Antonio  Porcio ,  in  the  preface  to  his  tract  de  Militis  Sanitate  tuenda , 
where,  fpeaking  of  a  particular  wet  and  cold  winter,  remarkable  at  Ve¬ 
nice  for  its  ficklinefs,  he  fays,  Popularis  autem  pleuritis  quae  Venetiis Javiit 
menjtbus  Dec.  Jan,  Feb.  ex  cctli ,  aerifque  inclementia faff  a  eft ,  quod  non  hubs - 
ant  hypocaufa  [ftove-rooms]  £sf  quod  non  foliciti  funt  Itali  omnes  de  auribus* 
iemporibus,  collo ,  totoque  corpore  defendendis  ab  injur  us  a'eris\  ei  tegmina  domo- 
rum  V  eneti  difponant  par um  inclinata ,  ut  nives  diutius  permaneant  fuper 
tegmina .  E  contra ,  Germani,  qui  experiuntur  cceli  inclementiam ,  per  didi¬ 
cer  e  fefe  defender e  ab  a'eris  injuria .  Tedia  confrnunt  multum  inclinata ,  ut  de- 
cidant  reives.  Germani  abundant  lignis ,  domufque  hypocauftis  ;  forts  autem 
incedunt  panms,  pellibus ,  gojftpio ,  bene  mehercule  loricati  atque  muniti.  In 
Bavaria  interrogabam  ( curiofitate  motus  videndi  Germaniam  j  quot  nam  elapfes 
menfibus  pleuritide  vel peripneumonia  fuijfent  abfumti  5  dicebant  vix  unus  aut 
alter  Hits  tempor ibus  pleuritide  fuit  correptus. 

The  great  Dr  Boerhaave ,  whofe  authority  alone  might  be  fufficient,  in 
his  Aphorifms  mentions,  as  one  antecedent  caufe  of  pleurifies,  a  cold  air ,  driven 
violently  through  fome  narrow  pa f age  upon  the  body ,  overheated  by  labour  or  fire „ 
The  Eafiern  phyficians  agree  with  the  Europeans  in  this  point  $  witnefs 
the  Chinefie  treatife  entitled  Tchang  fieng ,  i.  e.  The  art  of  procuring  health  and 
long  life ,  as  tranfiated  in  Fere  Du  Ha/de’s  account  of  China,  which  has 
this  paflage.  As  of  all  the  pajfions  which  ruffe  us.  Anger  does  the  mofi  mif- 
cbiefi  fo  of  all  the  malignant  affections  of  the  air,  a  wind  that  comes  thro’ 
any  narrow  paflage,  which  is  cold  and  piercing ,  is  mo  ft  dangerous  ;  and 
coming  upon  us  unawares ,  infinuates  it f elf  into  the  body,  fften  caufeng  grievous 
difeafes.  It  fould  therefore  be  avoided ,  according  to  the  advice  of  the  an - 
icient  proverb ,  as  carefully  as  the  point  of  an  arrow .  Thefe  mifehiefs  are 
avoided  by  theufeof  the  new-invented  fire-places,  as  will  be  {hewn  here- 
.after. 

Q~q 
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In  both  thefe  forts  of  fire-places,  the  greateft  part  of  the 
heat  from  the  fire  is  loft ;  for  as  fire  naturally  darts  heat 
every  way,  the  back,  the  two  jambs,  and  the  hearth,  drink 
up  alrnoft  all  that  is  given  them,  very  little  being  reflected 
from  bodies  fo  dark,  porous,  and  unpolifhed  $  and  the  up¬ 
right  heat,  which  is  by  far  the  greateft,  flies  diredly  up 
the  chimney.  Thus  five  fixths  at  leaft  of  the  heat  (and 
confequently  of  the  fewei)  is  wafted,  and  contributes  no¬ 
thing  towards  warming  the  room. 

3.  To  remedy  this,  the  Sieur  Gauger  gives,  in  his  book 
entitled,  ha  Mechanique  de  Feu ,  publiihed  in  1709,  feven 
different  conftrudtions  of  the  third  fort  of  chimneys  men¬ 
tioned  above,  in  which  there  are  hollow  cavities  made  by 
iron  plates  in  the  back,  jambs,  and  hearth,  through  which 
plates  the  heat  paffing?  warms  the  air  in  thofe  cavities, 
which  is  continually  coming  into  the  room  freffi  and 
warm.  The  invention  was  very  ingenious,  and  had  many 
conveniences :  The  room  wras  warmed  in  all  parts,  by  the 
air  flowing  into  it  through  the  heated  cavities :  Cold  air 
was  prevented  rufhing  through  the  crevices,  the  funnel 
being  fufficiently  fupplied  by  thofe  cavities :  Much  lefs 
fuel  would  ferve,  &e.  But  the  firft  expence,  which  was 
very  great  y  the  intricacy  of  the  defign,  and  the  difficulty 
of  the  execution,  efpecially  in  old  ehimnies,  difcouraged 
the  propagation  of  the  invention  ;  fo  that  there  are,  I  flip- 
pofe,  very  few  fuch  ehimnies  now  in  ufe.  [The  upright 
heat,  too,  was  alrnoft  all  loft  in  thefe,  as  in  the  common; 
chimneys.} 

4.  The 


4*  The  Holland  iron  ftove,  which  has  a  flue  proceeding 
from  the  top,  and  a  frnall  iron  door  opening  into  the  room, 
comes  next  to  be  confldered.  Its  conveniences  are,  that 
it  makes  a  room  all  over  warm  ;  for  the  chimney  being 
wholly  clofed,  except  the  flue  of  the  ftove,  very  little  air 
is  required  to  fupply  that,  and  therefore  not  much  rufties 
in  at  crevices,  or  at  the  door  when  it  is  opened.  Little 
fewel  ferves,  the  heat  being  almoft  all  faved  ;  for  it  rays 
out  almoft  equally  from  the  four  fldes,  the  bottom  and 
the  top,  into  the  room,  and  prefently  warms  the  air  around 
it,  which  being  rarified,  rifes  to  the  deling,  and  its  place 
is  fupplied  by  the  lower  air  of  the  room,  which  flows  gra¬ 
dually  towards  the  ftove,  and  is  there  warmed,  and  rifes  in 
its  turn,  fo  that  there  is  a  continual  circulation  till  all  the 
air  in  the  room  is  warmed.  The  air,  too,  is  gradually 
changed,  by  the  ftove-door’s  being  in  the  room,  through 
which  part  of  it  is  continually  pafling,  and  that  makes 
thefe  ftoves  wholefomer,  or  at  leaft  pleafanter  than  the 
German  ftoves,  next  to  be  fpoke  of.— But  they  have  thefe 
inconveniences.  There  is  no  fight  of  the  fire,  which  is 
In  itfelf  a  pleafant  thing.  One  cannot  conveniently  make 
any  other  ufe  of  the  fire  but  that  of  warming  the  room. 
When  the  room  is  warm,  people  not  feeing  the  fire,  are  apt 
to  forget  fupply  in  g  it  with  fuel  till  it  is  almoft  out,  then, 
growing  cold,  a  great  deal  of  wood  is  put  in,  which  foon 
makes  it  too  hot.  The  change  of  air  is  not  carried  on 
quite  quick  enough,  fo  that  if  any  fmoke  or  ill  fmell  hap¬ 
pens  in  the  room,  it  is  a  long  time  before  it  is  difcharged. 

Qjl  2  For 
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For  thefe  reafons  the  Holland  ftove  has  not  obtained  much 
among  the  Englijh  (who  love  the  fight  of  the  fire)  unlefs 
in  fome  workshops,  where  people  are  obliged  to  fit  near 
windows  for  the  light,  and  in  fuch  places  they  have  been 
found  of  good  ufe. 

5.  The  German  ftove  is  like  a  box.  one  fide  wanting. 

o 

It  is  compofed  of  five  iron  plates  fcrued  together,  and  fixed 
fo  as  that  you  may  put  the  fuel  into  it  from  another  room, 
or  from  the  outfide  of  the  houfe.  It  is  a  kind  of  oven  re- 
verfed,  its  mouth  being  without,  and  body  within  the  room 
that  is  to  be  warmed  by  it.  This  invention  certainly  warms 
a  room  very  fpeedily  and  thoroughly  with  little  fuel  :  No 
quantity  of  cold  air  comes  in  at  any  crevice,  becaufe  there 
is  no  difcharge  of  air  which  it  might  fupply,  there  being 
no  paffage  into  the  ftove  from  the  room.  Thefe  are  its 
conveniences.- — Its  inconveniencies  are,  That  people  have 
not  even  fo  much  fight  or  ufe  of  the  fire  as  in  the  Holland 
ftoves,  and  are,  moreover,  obliged  to  breathe  the  fame  un¬ 
chang’d  air  continually,  mixed  with  the  breath  and  perfpi- 
ration  from  one  another’s  bodies,  which  is  very  difagree- 
able  to  thofe  who  have  not  been  accuftomed  to  it, 

6.  Charcoal  fires  in  pots,  are  ufed  chiefly  in  the  fhops  of 
handicraftsmen.  They  warm  a  room  (that  is  kept  clofe, 
and  has  no  chimney  to  carry  off  the  warmed  air)  very 
fpeedily  and  uniformly ;  but  there  being  no  draught  to- 
change  the  air,  the  fulphurous  fumes  from  the  coals  [be 
they  ever  fo  well  kindled  before  they  are  brought  in,  there 
will  be  fome]  mix  with  it,  render  it  difagrceabie,  hurtful  to- 

fome 
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fome  conftitutions,  and  fometimes,  when  the  door  is  long 
kept  (hut,  produce  fatal  confequences. 

To  avoid  the  feveral  inconveniencies,  and  at  the  fame 
time  retain  all  the  advantages  of  other  fire-places,  was 
contrived  the  Pennsylvania  Fire. Place,  now  to  be 
deferibed. 

This  Machine  confifts  of 
A  bottom-plate,  (i)  [See  the  Plate  annexed .] 

A  back  plate,  (ii) 

Two  fide  plates,  (iii  iii) 

Two  middle  plates,  (iv  iv)  which  joined  together,  form 
a  tight  box,  with  winding  paffages  in  it  for  warming  the  air, 
A  front  plate,  (v) 

A  top  plate,  (vi) 

Thefe  are  all  caft  of  iron,  with  mouldings  or  ledges 
where  the  plates  come  together,  to  hold  them  faft,  and  re¬ 
tain  the  mortar  ufed  for  pointing  to  make  tight  joints. 
When  the  plates  are  all  in  their  places,  a  pair  of  flender 
rods  with  ferews,  are  fufficient  to  bind  the  whole  very 
firmly  together,  as  it  appears  in  Fig .  2. 

There  are,  moreover,  two  thin  plates  of  wrought  iron, 
viz.  the  fhutter,  (vii)  and  the  regifter,  (viii)  ;  befides  the 
ferew-rods  O  P,  all  which  we  fhall  explain  in  their  order. 

(i)  The  bottom  plate  or  hearth -piece,  is  round  before, 
with  a  rifing  moulding  that  ferves  as  a  fender  to  keep  coals 
and  allies  from  coming  to  the  floor,  &c.  It  has  two  ears, 
F  G,  perforated  to  receive  the  ferew-rods  O  P  ;  a  long  air¬ 
hole,  a  a,  through  which  the  frefh  outward  air  paffes  up 

into 
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into  the  air-box  $  and  three  fmoke-holes  B  C  through 
which  the  fmoke  defcends  and  paftes  away  ;  all  reprefent- 
ed  by  dark  fquares.  It  has  alfo  double  ledges  to  receive 
between  them  the  bottom  edges  of  the  back  plate*  the 
two  fide- plates*  and  the  two  middle-plates.  Thefe  ledges 
are  about  an  inch  aiurrder,  and  about  half  an  inch  high  ; 
a  profile  of  two  of  them  joined  to  a  fragment  of  plate*  ap¬ 
pears  in  Fig.  3. 

(ii)  The  back  plate  is  without  holes,  having  only  a  pair 
of  ledges  on  each  fide,  to  receive  the  back  edges  of  the  two 

(iii  iii)  Side  plates  :  Thefe  have  each  a  pair  of  ledges  to 
receive  the  fide-edges  of  the  front  plate,  and  a  little  fhoulder 
for  it  to  reft  on  ;  alfo  two  pair  of  ledges  to  receive  the 
fide  edges  of  the  two  middle  plates  which  form  the  air- 
box  ;  and  an  oblong  air-hole  near  the  top,  through  which 
is  difcharged  into  the  room  the  air  warmed  in  the  air- box. 
Each  has  alfo  a  wing  or  bracket,  H  and  I,  to  keep  in 
falling  brands,  coals,  & cy  and  a  fmall  hole,  Qjnd  R,  for  the 
axis  of  the  regifter  to  turn  in. 

(iv  iv)  The  air-box  is  compofed  of  the  two  middle  plates 
D  E  and  F  G.  The  firft  has  five  thin  ledges  or  partitions 
cafton  it*  two  inches  deep,  the  edges  of  which  are  receiv¬ 
ed  in  fo  many  pair  of  ledges  caft  in  the  other.  The  tops 
of  all  the  cavities  formed  by  thefe  thin  deep  ledges,  are 
alfo  covered  by  a  ledge  of  the  fame  form  and  depth,  caft 
with  them  ;  fo  that  when  the  plates  are  put  together,  and 
the  joints  luted,  there  id  no  communication  between  the 
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air-box  and  the  fmoke.  In  the  winding  paffages  of  this 
box,  frefh  air  is  warm’d  as  it  paffes  into  the  room. 

(v)  The  front  plate  is  arched  on  the  under  fide,  and 
ornamented  with  foliages,  &c.  it  has  no  ledges. 

(vi)  The  top  plate  has  a  pair  of  ears,  M  N,  anfwerable 
to  thole  in  the  bottom  plate,  and  perforated  for  the  fame 
purpofe ;  It  has  alfo  a  pair  of  ledges  running  round  the 
under  fide,  to  receive  the  top  edges  of  the  front,  back, 
and  fide-plates.  The  air-box  does  not  reach  up  to  the  top 
plate  by  two  inches  and  half. 

(vii)  The  fhutter  is  of  thin  wrought  iron  and  light,  of 
of  fuch  a  length  and  breadth  as  to  clofe  well  the  opening 
of  the  fire-place.  It  is  ufed  to  blow  up  the  fire,  and  to 
{hut  up  and  fecure  it  a  nights.  It  has  two  brafs  knobs 
for  handles,  d  d>  and  commonly  Aides  up  and  down  in  a 
groove,  left,  in  putting  up  the  fire-place,  between  the 
foremoft  ledge  of  the  fide-plates,  and  the  face  of  the  front 
plate  5  but  fome  chufe  to  fet  it  afide  when  it  is  not  in  ufe3 
and  apply  it  on  occafion. 

(viii)  The  regifter  is  alfo  of  thin  wrought  iron.  It  is 
placed  between  the  back  plate  and  air-box,  and  can,  by 
means  of  the  key  S,  be  turned  on  its  axis,  fo  as  to  lie  in 
any  pofition  between  level  and  upright. 

The  fere w- rods  O  P  are  of  wrought  iron,  about  a  third 
of  an  inch  thick,  with  a  button  at  bottom,  and  a  ferew 
and  nut  at  top,  and  may  be  ornamented  with  two  fmall 
brafles  ferewed  on  above  the  nuts. 
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To  put  this  Machine  to  work, 

1.  A  falfe  back  of  four  inch  (or,  in  fhallow  fmall  chim¬ 
neys,  two  inch)  brick  work  is  to  be  made  in  the  chim¬ 
ney,  four  inches  or  more  from  the  true  back  :  From  the 
top  of  this  falfe  back  a  doling  is  to  be  made  over  to  the 
breaft  of  the  chimney,  that  no  air  may  pafs  into  the  chim¬ 
ney,  but  what  goes  under  the  falfe  back,  and  up  behind  it. 

2.  Some  bricks  of  the  hearth  are  to  be  taken  up,  to  form 
a  hollow  under  the  bottom  plate  j  acrofs  which  hollow 
runs  a  thin  tight  partition,  to  keep  apart  the  air  entering 
the  hollow  and  the  fmoke  ;  and  is  therefore  placed  be¬ 
tween  the  air-hole  and  fmoke-holes. 

3.  A  paflage  is  made,  communicating  with  the  out¬ 
ward  air,  to  introduce  that  air  into  the  fore  part  of  the 
hollow  under  the  bottom-plate,  whence  it  may  rife  thro’ 
the  air-hole  into  the  air-box. 

4.  A  paflage  is  made  from  the  back  part  of  the  hol¬ 
low,  communicating  with  the  flue  behind  the  falfe  back  ; 
.Through  this  paflage  the  fmoke  is  to  pafs. 

The  fire-place  is  to  be  eredted  upon  thele  hollows,  by 

putting  all  the  plates  in  their  places,  and  fcrewing  them  to¬ 
gether. 

Its  operation  may  be  conceived  by  obferving  the  fol¬ 
lowing  • 

PRO « 
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Profile  of  the  Chimney  and  Fire-Place. 

M  The  mantle-piece,  or  breafl:  of  the  chimney. 

C  The  funnel. 

B  The  falfe  back  and  doling.  • 

E  True  back  of  the  chimney, 

T  Top  of  the  fire-place, 

F  The  front  of  it. 

A  The  place  where  the  fire  is  made, 

D  The  air -box, 

K  1  he  hole  in  the  fide-plate,  through  which 
the  warmed  air  is  difcharged  out  of  the 
air-box  into  the  room. 

H  The  hollow  filled  with  frelh  air,  entering  at 
the  paffage  I,  and  afcenaing  into  the  air- 
box  through  the  air-hole  in  the  bottom 
plate  near 

C  The  partition  in  the  hollow  to  keep  the  air 
and  fmoke  apart. 

P  The  paflage  under  the  falfe  back  and  part  of 
the  hearth  for  the  fmoke. 

The  arrows  Ihow  the  courfe  of  the  fmoke. 

The  fire  being  made  at  A,  the  flame  and  fmoke  will 
afcend  and  ftrike  the  top  T,  which  will  thereby  receive  a 
confiderable  heat.  The  fmoke,  finding  no  paffage  up- 
1  wards,  turns  over  the  top  of  the  air-box,  and  defcends  be¬ 
tween  it  and  the  back  plate  to  the  holes  at  B,  in  the  bot¬ 
tom  plate,  heating,  as  it  paffes,  both  plates  of  the  air-box, 
and  the  faid  back  plate  ;  the  front  plate,  bottom  and  fide 
plates,  are  alfo  all  heated  at  the  fame  time.  The  fmoke 
proceeds  in  the  paffage  that  leads  it  under  and  behind  the 
falfe  back,  and  fo  rifes  into  the  chimney.  The  air  of  the 
foom,  warmed  behind  the  back  plate,  and  by  the  fides, 
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front,  and  top  plates,  becoming  fpecifically  lighter  than  the 
other  air  in  the  room,  is  obliged  to  rife  ;  but  the  clofure 
over  the  fire-place  hindering  it  from  going  up  the  chim¬ 
ney,  it  is  forced  out  into  the  room,  riles  by  the  mantle- 
piece  to  the  deling,  and  fpreads  all  over  the.  top  of  the 
room,  whence  being  crouded  down  gradually  by  the 
ftream  of  newly- warm’d  air  that  follows  and  riles  above  it, 
the  whole  room  becomes  in  a  fhort  time  equally  warmed. 

At  the  fame  time  the  air,  warmed  under  the  bottom- 
plate,  and  in  the  air-box,  rifes  and  comes  out  of  the  holes 
in  the  fide-plates,  very  fwiftly  if  the  door  of  the  room  be 
fhut,  and  joins  its  current  with  the  ftream  before  mention¬ 
ed,  rifing  from  the  fide,  back,  and  top  plates. 

The  air  that  enters  the  room  through  the  air-box  is  frefli, 
though  warm  ;  and,  computing  the  fwiftnefs  of  its  moti¬ 
on  with  the  areas  of  the  holes,  it  is  found  that  near  ten 
barrels  of  frefh  air  are  hourly  introduced  by  the  air- box 
and  by  this  means  the  air  in  the  room  is  continually 
changed,  and  kept,  at  the  fame  time,  fweet  and  warm. 

It  is  to  be  obferved,  that  the  entering  air  will  not  be 
warm  at  firft  lighting  the  fire,  but  heats  gradually  as  the  fire 

encreafes. 

A  fquare  opening  for  a  trap-door  fliould  be  left  in  the 
doling  of  the  chimney,  for  the  fweeper  to  go  up:  The 
door  may  be  made  of  flate  or  tin,  and  commonly  kept 
clofe  fhut,  but  fo  placed  as  that  turning  up  againft  the 
back  of  the  chimney  when  open,  it  clofes  the  vacancy  be¬ 
hind  the  falfe  back,  and  fhoots  the  foot,  that  fans  in  {weep¬ 
ing* 
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Ing,  out  upon  the  hearth.  This  trap-door  is  a  very  conve¬ 
nient  thing. 

In  rooms  where  much  fmoking  of  tobacco  is  ufed,  it  is 
alfo  convenient  to  have  a  fmall  hole,  about  five  or  fix  in¬ 
ches  fquare,  cut  near  the  deling  through  into  the  funnel . 
This  hole  muft  have  a  fhutter,  by  which  it  may  be  clos  d 
or  open’d  at  pleafure.  When  open,  there  will  be  a  ftrong 
draught  of  air  thro’  it  into  the  chimney,  which  willprefently 
carry  off  a  cloud  of  fmoke,  and  keep  the  room  clear :  If 
the  room  be  too  hot  likewife,  it  will  carry  off  as  much  of 
the  warm  air  as  you  pleafe,  and  then  you  may  flop  it  en¬ 
tirely,  or  in  part,  as  you  think  fit.  By  this  means  it  is, 
that  the  tobacco  fmoke  does  not  defcend  among  the  heads 
of  the  company  near  the  fire,  as  it  muft  do  before  it  can 

get  into  common  chimneys. 

The  Manner  of  ufing  this  Fire-Place. 

Your  cord-wood  muft  be  cut  into  three  lengths ;  or  elfe 
a  fhort  piece,  fit  for  the  fire-place,  cut  off,  and  the  long¬ 
er  left  for  the  kitchen  or  other  fires.  Dry  hickery,  or 
afh,  or  any  woods  that  burn  with  a  clear  flame  are  rathe!, 
to  be  chofen,  becaufe  fuch  are  lefs  apt  to  foul  the  frnoke- 
paffages  with  foot  ;  and  flame  communicates,  with  its 
light,  as  well  as  by  contadt,  greater  heat  to  the  plates 
and  room.  But  where  more  ordinary  wood  is  ufed,  half 
a  dry  faggot  of  brufh-wood,  burnt  at  the  firft  making  of 
fire  in  the  morning  is  very  advantageous,  as  it  it  immedi¬ 
ately,  by  its  fudden  blaze,  heats  the  plates,  and  warms  the 
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room  (which  with  bad  wood  flowly  kindling  would  not 
be  done  fo  loon)  and  at  the  fame  time,  by  the  length  of 
its  flame,  turning  in  the  paflages,  confumes  and  cieanfes 
away  the  foot  that  fuch  bad  fmoaky  wood  had  produ¬ 
ced  therein  the  preceding  day,  and  fo  keeps  them  always 
free  and  clean. —When  you  have  laid  a  little  back  log, 
and  placed  your  billets  on  fmall  dogs,  as  in  common  chim¬ 
neys,  and  put  feme  fire  to  them,  then  Aide  down  your 
fhutter  as  low  as  the  dogs,  and  the  opening  being  by  that 
means  contradted,  the  air  rafhes  in  brifkly,  and  prefently 
blows  up  the  flames.  When  the  fire  is  fufficiently  kind- 
led,  Aide  it  up  again  *.  In  fome  of  thefe  fire-places  there 
is  a  little  fix  inch  fquare  trap-door  of  thin  wrought  iron  or 
brafs,  covering  a  hole  of  like  dimenfions  near  the  fore-part 
of  the  bottom-plate,  which  being  by  a  ring  lifted  up  to¬ 
wards  the  fire,  about  an  inch,  where  it  will  be  retained 
by  two  fpringing  fides  fixed  to  it  perpendicularly,  [See  the 
Plate ,  Fig.  4,]'  the  air  rufhes  in  from  the  hollow  under 
the  bottom  plate,  and  blows  the  fire.  Where  this  is  ufed, 
the  fhutter  ferves  only  to  clofe  the  fire  at  nights.  The 
more  forward  you  can  make  your  fire  on  the  hearth- 
plate,  not  to  be  incommoded  by  the  fmoke,  the  foonerand 
more  will  the  room  be  warmed.  At  night  when  you  go 

*  The  (butter  is  (lid  up  and  down  in  this  manner,  only  in  thofe  fire¬ 
places  which  are  fo  made  as  that  the  diftance  between  the  top  of  the  arch¬ 
ed  opening,  and  the  bottom  plate,  is  the  fame  as  the  diftance  between  it 
and  the  top  plate.  Where  the  arch  is  higher,  as  it  is  in  the  draught 
annexed,  (which  is  agreeable  to  the  laft  improvements)  the  fhutter  is  fet 
by,  and  applied  occafionally ;  becaufe  if  it  were  made  deep  enough  to 
clofe  the  whole  opening  when  Hid  down*  it  would  hide  part  of  it  when  up* 


to  bed,  cover  the  coals  or  brands  with  afhes  as  ufual  ; 
then  take  away  the  dogs,  and  hide  down  the  fhutter  clofe 
to  the  bottom-plate,  fweeping  a  little  a(hes  again  ft  it,  that 
no  air  may  pafs  under  it ;  then  turn  the  regifter,  fo  as  very 
near  to  flop  the  flue  behind.  If  no  fmoke  then  comes 
out  at  crevices  into  the  room,  it  is  right :  If  any  fmoke 
is  perceived  to  come  out,  move  the  regifter  fo  as  to  give 
a  little  draught,  and  it  will  go  the  right  way. — Thus  the 
room  will  be  kept  warm  all  night ;  for  the  chimney  being 
aimoft  entirely  ftopt,  very  little  cold  air,  if  any,  will  enter 
the  room  at  any  crevice.  When  you  come  to  re-kindle 
the  fire  in  the  mbrning,  turn  open  the  regifter  before  you 
lift  up  the  Aider,  otherwife,  if  there  be  any  fmoke  in  the 
fire-place,  it  will  come  out  into  the  room.  By  the  fame 
ufe  of  the  fhutter  and  regifter,  a  blazing  fire  may  be  pre- 
fently  ftifled,  as  well  as  fecured,  when  you  have  occafiont 
to  leave' it  for  any  time  ;  and  at  your  return  you  will  find 
the  brands  warm,  and  ready  for  a  fpeedy  re-kindling.  The 
fhutter  alone  will  not  ftifle  a  fire,  for  it  cannot  well  be 
made  to  fit  fo  exactly  but  that  air  will  enter,  and  that  in  a 
violent  ftream,  fo  as  to  blow  up  and  keep  alive  the  flames, 
and  confume  the  wood,  if  the  draught  be  not  check’d  by 
turning  the  regifter  to  fhut  the  flue  behind.  T.  he  regifter 
has  alfo  two  other  ufes.  If  you  obferve  the  draught  of 
air  into  your  fire-place  to  be  ftronger  than  is  neceflary, 
(as  in  extream  cold  weather  it  often  is)  fo  that  the  wood 
is  confumed  fafter  than  ufual  ;  in  that  cafe,  a  quarter,  half, 
or  two  thirds  turn  of  the  regifter,  will  check  the  violence  of 

the 
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the  draught,  and  let  your  fire  burn  with  the  moderation 
you  delire  :  And  at  the  fame  time  both  the  fire-place  and 
the  room  will  be  the  warmer,  becaufe  lefs  cold  air  will 
enter  and  pafs  through  them.1— And  if  the  chimney  fhould 
happen  to  take  fire,  (which  indeed  there  is  very  little  dan¬ 
ger  of,  if  the  preceding  direction  be  obferved  in  making 
fires,  and  it  be  well  fwept  once  a  year  $  for,  much  lefs 
wood  being  burnt,  lefs  foot  is  proportionably  made  $  and  the 
fuel  being  foon  blown  into  flame  by  the  fhutter  (or  the 
trap-door  bellows)  there  is  confequently  lefs  frnoke  from 
the  fuel  to  make  foot  then,  though  the  funnel  fhould  be 
foul,  yet  the  fparks  have  fuch  a  crooked  up  and  down 
round  about  way  to  go,  that  they  are  out  be i ore  tney  get  dt 
it.  I  fay,  if  ever  it  fhould  be  on  fire,  a  turn  of  the  regifter 
{huts  all  dole,  and  prevents  any  air  going  into  the  chim¬ 
ney,  and  fo  the  fire  may  eafily  be  failed  and  mattered. 

The  Advantages  of  this  Fire-Place. 

Its  advantages  above  the  common  fire-places  are, 

1.  That  your  whole  room  is  equally  warmed,  fo  that 
people  need  not  croud  fo  clofe  round  the  lire,  but  may  lit 
near  the  window,  and  have  the  benefit  of  the  iignt  for 
reading,  writing,  needle-work,  &c.  They  may  fit  with 
comfort  in  any  part  of  the  room,  which  is  a  very  confidera- 
ble  advantage  in  a  large  family,  where  there  muft  often  be 
two  fires  kept,  becaufe  ah  cannot  conveniently  come  at  one. 

2.  If  you  fit  near  the  fire,  you  have  not  that  cold  draught 

of  uncomfortable  air  nipping  your  back  and  heels,  as  when 

before 
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before  common  fires,  by  which  many  catch  cold,  being 

fcorched  before,  and,  as  it  were,  froze  behind. 

3  If  you  fit  againft  a  crevice,  theie  is  not  that  fhuip 

draught  of  cold  air  playing  on  you  as  in  rooms  where  there 

are  fires  in  the  common  way  ;  by  which  many  eaten  cold, 

whence  proceed  coughs  *,  catarrhs,  tooth-achs,  fevers, 

pleu  rifies,  and  many  other  difeaies. 

^  cafe  of  ficknefs  they  make  moth  excellent  nuifing 

rooms ;  as  they  conftantly  fupply  a  fufficiency  of  frefli  air, 
fo  warmed  at  the  fame  time  as  to  be  no  way  inconvenient 
or  dangerous.  A  fmall  one  does  well  in  a  chamber  ;  and, 
the  chimneys  being  fitted  for  .it,  it  may  be  removed  from 
one  room  to  another,  as  occafion  requires,  and  fixed  in 
half  an  hour.  The  equal  temper,  too,  and  warmth,  of 
the  air  of  the  room,  is  thought  to  be  particularly  advanta¬ 
geous  in  fome  diftempers ;  for  it  was  obferved  in  the  win¬ 
ters  of  1730  and  1736,  when  the  fmall-pox  fpread  in 
Pennfyfvania ,  that  very  few  children  of  the  Germans  died 
of  that  diftemper  in  proportion  to  thofe  of  the  Englifh  y 
which  was  aferibed,  by  fome,  to  the  warmth  and  equal 
temper  of  air  in  their  ftove -rooms,  which  made  the  dif- 
eafe  as  favourable  as  it  commonly  is  in  the  Weft -Indies; 
But  this  conjecture  we  fubmit  to  the  judgment  of  phyficians. 


*,  Mv  Lord  Molefworth,  in  his  account  of  Denmark ,  fays,  “  That 
few  or  none  of  the  people  there,  are  troubled  with  coughs,  catarrhs, 
«  confumptions,  or  fuch  like  difeafes  of  the  lungs  ;  fo  that  in  the  midft 
«  of  winter  in  the  churches,  which  are  very  much  frequented,  there  is 
t<  no  noife  to  interrupt  the  attention  due  to  the  preacher.  1  am  perfuad- 
ed  ('fays  he)  their  warm  Jloves  contribute  to  their  freedom  from  tnere 

kind  of  maladies.”  pag-  9,i< 
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5.  In  common  chimneys,  the  ftrorigeft  heat  from  the 
fire,  which  is  upwards,  goes  dire&iy  up  the  chimney,  and 
is  loft  ;  and  there  is  fuch  a  ftrong  draught  into  the  chim¬ 
ney,  that  not  only  the  upright  heat,  but  alfo  the  back, 
fides,  and  downward  heats,  are  carried  up  the  chimney 
by  that  draught  of  air ;  and  the  warmth  given  before  the 
fire  by  the  rays  that  ftrike  out  towards  the  room,  is  conti¬ 
nually  driven  back,  crouded  into  the  chimney,  and  carried  up 
by  the  fame  draught  of  air.  But  here  the  upright  heat  ftrikes 
and  heats  the  top  plate,  which  warms  the  air  above  it,  and 
that  comes  into  the  room.  The  heat  like  wife,  which  the  fire 
communicates  to  the  fides,  back,  bottom,  and  air-box,  is 
all  brought  into  the  room  ;  for  you  will  find  a  conftant 
current  of  warm  air  coming  out  of  the  chimney  corner  in¬ 
to  the  room.  Hold  a  candle  juft  under  the  mantle-piece, 
or  breaft  of  your  chimney,  and  you  will  fee  the  flame 
bent  outwards :  By  laying  a  piece  of  fmoaking  paper  on 
the  hearth,  on  either  fide,  you  may  fee  how  the  current 
of  air  moves,  and  where  it  tends,  for  it  will  turn  and 
carry  the  fmoke  with  it. 

6.  Thus  as  very  little  of  the  heat  is  loft,  when  this  fire¬ 
place  is  ufed,  much  lefs  wood*  will  ferve  you,  which  is  a 
confiderable  advantage  where  wood  is  dear. 

7.  When 

*  People  who  have  ufed  thefe  fire-places,  differ  much  in  their  accounts 
of  the  woodfaved  by  them.  Some  fay  five-fixths,  others  three-fourths, 
and  others  much  lefs..  This  is  owing  to  the  great  difference  there  was  in 
their  former  fires ;  fome  (according  to  the  different  circumftances  of 
their  rooms  and  chimnies)  having  been  ufed  to  make  very  large,  others 

midd- 


7.  When  you  burn  candles  near  this  fire-place,  you  will 
find  that  the  flame  burns  quite  upright,  and  does  not  bk  e 
and  run  the  tallow  down,  by  drawing  towards  the  chim¬ 
ney,  as  againft  common  fires* 

8.  This  fire-place  cures  moil  fmoaky  chimneys,  and 
thereby  preferves  both  the  eyes  and  furnituree 

9.  It  prevents  the  fouling  of  chimneys ;  much  of  the 
lint  and  duft  that  contributes  to  foul  a  chimney  being,  by 
the  low  arch,  obliged  to  pafs  through  the  flame,  where  it 
is  confumed*  Then,  lefs  wood  being  burnt,  there  is  lefs 
fmoke  made*  Again,  the  fhutter,  or  trap-bellows,  foon 
blowing  the  wood  into  a  flame,  the  fame  wood  does  not 
yield  fo  much  fmoke  as  if  burnt  in  a  common  chimney  : 
For  as  foon  as  flame  begins,  fmoke,  in  proportion,  ceafes. 

10.  And  if  a  chimney  fhould  be  foul,  it  is  much  lefs 
likely  to  take  fire.  If  it  fhould  take  fire,  it  is  eafily  ftifled 
and  extinguished, 

11.  A  fire  may  be  very  fpeedily  made  in  this  fire-place, 
by  the  help  of  the  fhutter,  or  trap-bellows,  as  aforefakh 

12.  A  fire  may  be  foon  extinguifhed,  by  clofing  it  with 
the  fhutter  before,  and  turning  the  regifter  behind,  which 
will  ftifle  it,  and  the  brands  will  remain  ready  to  rekindle. 

13.  The  room  being  once  warm,  the  warmth  may  be 
retained  in  it  all  night. 

middling,  and  others,  of  a  more  fparing  temper,  very  fmall  ones :  While 
jn  thefe  fire  places  (their  fizeand  draught  being  nearly  the  fame)  the  con- 
fumption  is  more  equal.  I  fuppofe,  taking  a  number  of  families  together, 
that  two  thirds,  or  half  the  wood,  at  -leaft,  is  faved.  My  common  room, 
I  know,  is  made  twice  as  warm  as  it  ufed  to  be,  with  a  quarter  of  the  wood 
I  formerly  confumed  there* 

s  r 
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14.  And,  laftly,  the  fire  is  fo  fecured  at  night*  that  not 
one  fpark  can  fly  out  into  the  room  to  do  damage. 

With  all  thefe  conveniencies,  you  do  not  lofe  the  plea- 
fant  fight  nor  ufe  of  the  fire,  as  in  the  Dutch  ftoves,  but 
may  boil  the  tea-kettle,  warm  the  flat-irons,  heat  heaters, 
keep  warm  a  di£h  of  victuals,  by  fetting  it  on  the  top,  &c» 

Obj  ect ions  anfwered . 

There  are  fome  objections  commonly  made  by  people 
that  are  unacquainted  with  thefe  fire-places,  which  it  may 
not  be  amifs  to  endeavour  to  remove,  as  they  arife  from, 
prejudices  which  might  otherwife  obftruCt,  in  fome  degree, 
the  general  ufe  of  this  beneficial  machine.  We  frequently 
hear  it  faid,  They  are  of  the  nature  of  Dutch  Jioves  j  Jioves 
have  an  unpleafant  fmell ;  Jioves  are  unwholefome  y  and, 
warm  rooms  make  people  tender ,  and  apt  to  catch  cold . — = 
As  to  the  firft,  that  they  are  of  the  nature  of  Dutch  ftoves, 
the  defcription  of  thofe  ftoves,  in  the  beginning  of  this 
paper,  compared  with  that  of  thefe  machines,  fhows  that 
there  is  a  moft  material  difference,  and  that  thefe  have 
vaftly  the  advantage,  if  it  were  only  in  the  Angle  article 
of  the  admiffion  and  circulation  of  the  frefih.aif..  But  it  muft 
be  allowed  there  may  have  been  fome  caufe  to  complain 
of  the  offenfive  fmell  of  iron  ftoves.  This  fmell,  howe¬ 
ver,  never  proceeded  from  the  iron  itfelf,  which,  in  its 
nature,  whether  hot  or  cold,  is  one  of  the  fweeteft  of  me¬ 
tals,  but  from  the  general  uncleanly  manner  of  ufing  thofe 
ftoves.  If  they  are  kept  clean,  they  are  as  fweet  as  an 


iron-. 


ironing-box,  which,  though  ever  fo  hot?  never  offends  the 
fmell  of  the  niceft  Lady  :  But  it  is  common  to  let  them 
be  greafed,  by  fetting  candlefticks  on  them,  or  otherwife  5 
to  rub  greafy  hands  on  them  5  and,  above  all,  to  fpit  upon 
them,  to  try  how  hot  they  are,  which  is  an  inconfiderate 
filthy  unmannerly  cuftom  ;  for  the  flimy  matter  of  fpittle 
drying  on,  burns  and  fumes  when  the  ftove  is  hot,  as  well 
as  the  greafe,  and  fmells  molt  naufeoufly,  which  makes  fuch 
clofe  ftove-rooms,  where  there  is  no  draught  to  carry  off 
thofe  filthy  vapours,  almoft  intolerable  to  thofe  that  are 
not  from  their  infancy  accuflomed  to  them.  At  the  fame 
time  nothing  is  more  eafy  than  to  keep  them  clean  ;  for 
when  by  any  accident  they  happen  to  be  fouled,  a  lee 
made  of  afhes  and  water,  with  a  brulh,  will  fcour  them 
perfectly  ;  as  will  alfo  a  little  ftrong  foft  foap  and  water. 

That  hot  iron  of  itfelf  gives  no  offenfive  fmell,  thofe 
know  very  well  who  have  (as  the  writer  of  this  has)  been 
prefent  at  a  furnace  when  the  workmen  were  pouring  out 
the  flowing  metal  to  caff  large  plates,  and  not  the  leaft 
fmell  of  it  to  be  perceived.  That  hot  iron  does  not,  like 
lead,  brafs,  and  fome  other  metals,  give  out  unwholefome 
vapours,  is  plain  from  the  general  health  and  ftrength  of 
thofe  who  conftantly  work  in  iron,  as  furnace-men,  forge- 
men,  and  fmiths ;  that  it  is  in  its  nature  a  metal  perfedly 
wholefome  to  the  body  of  man,  is  known  from  the  bene¬ 
ficial  ufe  of  chalybeate  or  iron  mine-waters  5  from  the 
good  done  by  taking  fteel  filings  in  feveral  diforders ;  and 
that  even  the  fmithy  water  in  which  hot  irons  are  quench- 

S  f  2  ed^ 
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ed,  is  found  advantageous  to  the  human  conftitution.-— 
The  ingenious  and  learned  Dr  Defaguhers ,  to  whofe  in-- 
ftrudtive  writings  the  contriver  of  this  machine  acknow¬ 
ledges  himfelf  much  indebted,  relates  an  experiment  he 
made,  to  try  whether  heated  iron  would  yield  unwhole- 
fome  vapours  ■:  He  took  a  cube  of  iron,  and  having  given 
it  a  very  great  heat,  he  fixed  it  fo  to  a  receiver,  exhaufied 
by  the  air-pump,  that  all  the  air  rulhing  in  to  fill  the  re¬ 
ceiver,  Ihould  firft  pafs  through  a  hole  in  the  hot  iron.  He 
then  put  a  fmall  bird  into  the  receiver,  who  breathed  that 
air  without  any  inconvenience,  or  fullering  the  leaft  difor- 
der.  But  the  fame  experiment  being  made  with  a  cube  of 
hot  brafs,  a  bird  put  into  that  air  died  in  a  few  minutes.. 
Brafs,  indeed,  ftinks  even  when  cold,  and  much  more 
when  hot;  lead,  too,  when  hot,  yields  a  very  unwhole* 
fome  fteam  ;  but  iron  is  always  fweet,  and  every  way  ta¬ 
ken  is  wholefome  and  friendly  to  the  human  body— except: 
in  weapons. 

That  warm  rooms  make  people  tender ,  and  apt  to  catch 
cold ,  is  a  miftake  as  great  as  it  is  (among  the  Englijh)  ge¬ 
neral.  We  have  feen  in  the  preceding  pages  how  the 
common  rooms  are  apt  to  give  colds ;  but  the  writer  of 
this  paper  may  affirm  from  his  own  experience,  and  that 
of  his  family  and  friends  who  have  ufed  warm  roans  for 
thefe  four  winters  part,  that  by  the  ufe  of  fuch  rooms, 
people  are  rendered  lefs  liable  to  take  cold,  and,  indeed, 
actually  hardened.  If  fitting  warm  in  a  room  made  one 
fiubjedt  to  take  cold  on  going  out,  lying  warm  in  bed  ffiould. 


on 
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by  a  parity  of  reaion,  produce  the  fame  effect  when  we  rife. 
Yet  we  find  we  can  leap  out  of  the  warmed  bed  naked,  in 
the  colded  morning,  without  any  fuch  dangei  y  and  in  the 
fame  manner  out  of  warm  cloaths  into  a  cold  bed.  The 
reaion  is,  that  in  thefe  cafes  the  pores  all  clofe  at  once,  the 
cold  is  fhut  out,  and  the  heat  within  augmented,  as  we 
foon  after  feel  by  the  glowing  of  toe  fiefh  and  ikin.  T-  hus 
no  one  was  ever  known  to  catch  cold  by  the  ufe  of  the  cold 
bath  :  And  are  not  cold  baths  allowed  to  harden  the  bo** 
dies  of  thofe  that  ufe  them  ?  Are  they  not  therefore  fre¬ 
quently  prefcribed  to  the  tendered  conditions  ?  Now 
every  time  you  go  out  of  a  warm  room  into  the  cold  freez¬ 
ing  air,  you  do  as  it  were  plunge  into  a  cold  bath,  and  the 
effedt  is  in  proportion  the  fame  5  for  (though  perhaps  you 
may  feel  fomewhat  chilly  at  fird)  you  find  in  a  little  time 
your  bodies  hardened  and  drengthened,  your  blood  is  dri¬ 
ven  round  with  a  brifker  circulation,  and  a  comfortable 
fteady  uniform  inward  warmth  fucceeds  that  equal  outward 
warmth  you  fird  received  in  the  room.  Farther  to  con¬ 
firm  this  affertion,  we  indance  the  Swedes ,  the  Danes ,  and 
the  Ruffians :  Theie  nations  are  faid  to  live  in  rooms, 
compared  to  ours,  as  hot  as  ovens  * ;  yet  where  are  the 


*  Mr  Boyle ,  in  his  experiments  and  obfervations  upon  cold,  Shaw’ s 
Abridgement ,  Vol.  I.  p.  684,  fays,  «■  ’Tis  remarkable,  that  while  the  cold 
U  has  ftrange  and  tragical  effe£ls  at  Mofcovj,  and  elfewhere,  the  Ruffians 
&  and  Livonians  fhould  be  exempt  from  them,  who  accuftom  themfelves 
cc  t0  pafs  immediately  from  a  great  degree  of  heat,  to  as  great  an  one  of 
a  colc],  without  receiving  any  vifible  prejudice  thereby.  I  remember  be— 

a  ing  told  by  a  perfon  of  unqueftionable  credit,  that  it  was  a  common 

gra&ice; 
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hardy  foldiers,  though  bred  in  their  boafted  cool  houfes, 
that  can,  like  thefe  people,  bear  the  fatigues  of  a  winter 
campaign  in  fo  ievere  a  climate,  march  whole  days  to  the 
neck  in  fnow,  and  at  night  entrench  in  ice,  as  they  do  ? 

The  mentioning  of  thofe  Northern  nations,  puts  me  in 
mind  of  a  confiderable  public  advantage  that  may  arife 
from  the  general  ufe  of  thefe  fire-places.  It  is  obfervable, 
that  though  thofe  countries  have  been  well  inhabited  for 
many  ages,  wood  is  ftill  their  fuel,  and  yet  at  no  very  great 
price  ;  which  could  not  have  been,  if  they  had  not  univer- 
fally  ufed  floves,  but  confumed  it  as  we  do,  in  great  quan¬ 
tities,  by  open  fires.  By  the  help  of  this  faving  invention 
our  wood  may  grow  as  fall  as  we  confume  it,  and  our  pos¬ 
terity  may  warm  themfelves  at  a  moderate  rate,  without 
being  obliged  to  fetch  their  fuel  over  the  Atlantick ;  as,  if 
pit-coal  fhould  not  be  here  difcovered,  (which  is  an  un¬ 
certainty)  they  muft  necefiarily  do. 

We  leave  it  to  the  political  arithmetician  to  compute 
how  much  money  will  be  faved  to  a  country,  by  its  fpend- 
ing  two-thirds  lefs  of  fuel  j  how  much  labour  faved  in 
cutting  and  carriage  of  it ;  how  much  more  land  may  be 
cleared  by  cultivation  ;  how  great  the  profit  by  the  additi¬ 
onal  quantity  of  work  done,  in  thofe  trades  particularly  that 

“  practice  among  them,  to  go  from  a  hot  (love,  into  cold  water ;  the  fame 
‘c  was  alfo  affirmed  to  me  by  another  who  refided  at  Mofcoiv,  This  tra- 
tc  dition  is  likewife  abundantly  confirmed  by  Olearius  tc’ Tisa  furprizing 
thing ,  fays  he,  to  fee  how  far  the  Ruffians  can  endure  heat  ;  and  how , 
*c  when  it  makes  them  ready  to  faint ,  they  can  go  out  of  their  floves ,  Jlark 
cc  naked ,  both  men  and  women ,  and  throw  thetnfelves  into  cold  water  3  and 
even  in  winter  wallow  in  the  fnow,” 

do 
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do  not  exercife  the  body  fo  much,  but  that  the  workfolks 
are  obliged  to  run  frequently  to  the  fire  to  warm  them- 
felves:  And  to  phyficians  to  fay,  how  much  healthier 
thick-built  towns  and  cities  will  be,  now  half  fuftocated 
with  fulphury  fmoke,  when  fo  much  lefs  of  that  fmoke 
fhall  be  made,  and  the  air  breathed  by  the  inhabitants  be 
confequently  fo  much  purer.  Thefe  things  it  will  fuffice 
juft  to  have  mentioned  ;  let  us  proceed  to  give  fome  ne™ 
ceflary  directions  to  the  workman  who  is  to  fix  or  fet  up 
thefe  fire-places. 

Directions  to  the  Bricklayer. 

The  chimney  being  firft  well  fwept  and  cleanfed  from 
foot,  &c.  lay  the  bottom  plate  down  on  the  hearth,  in  the 
place  where  the  fire-place  is  to  Hand,  which  may  be  as  for¬ 
ward  as  the  hearth  will  allow.  Chalk  a  line  from  one  of 
its  back  corners  round  the  plate  to  the  other  corner,  that 
you  may  afterwards  know  its  place  when  you  come  to  fix 
it ;  and  from  thofe  corners,  two  parallel  lines  to  the  back 
of  the  chimney  :  Make  marks  alfo  on  each  fide,  that  you 
may  know  where  the  partition  is  to  ftand,  which  is  to  pre¬ 
vent  any  communication  between  the  air  and  fmoke. 
Then  removing  the  plate,  make  a  hollow  under  it  and  be¬ 
yond  it,  by  taking  up  as  many  of  the  bricks  or  tiles  as  you 
can,  within  your  chalked  lines,  quite  to  the  chimney  back. 

Dig  out  fix  or  eight  inches  deep  of  the  earth  or  rubbifb, 
all  the  breadth  and  length  of  your  hollow  ;  then  make  a 

paflage  of  four  inches  fquare  (if  the  place  will  allow  fa 

much) 
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much)  leading  from  the  hollow  to  Tome  place  communica¬ 
ting  with  the  outer  air ;  by  outer  air  we  mean  air  without 
the  room  you  intend  to  warm.  This  paflage  may  be  made 
to  enter  your  hollow  on  either  fide,  or  in  the  fore  part,  juft 
as  you  find  moft  convenient,  the  circumftances  of  your 
chimney  confidered.  If  the  fire-place  is  to  be  put  up  in 
a  chamber,  you  may  have  this  communication  of  outer 
air  from  the  ftair-cafe ;  or  fometimes  more  eafily  from  be¬ 
tween  the  chamber  floor,  and  the  cieling  of  the  lower 
room,  making  only  a  fmall  hole  in  the  wall  of  the  houfe 
entering  the  fpace  betwixt  thole  two  joifts  with  which 
your  air-paffage  in  the  hearth  communicates.  If  this  air- 
paflage  be  fo  fituated  as  that  mice  may  enter  it,  and  neftle 
in  the  hollow,  a  little  grate  of  wire  will  keep  them  out. 
This  paflage  being  made,  and,  if  it  runs  under  any  part 
of  the  earth,  tiled  over  fecurely,  you  may  proceed  to  raife 
your  falfe  back.  This  may  be  of  four  inches  or  two  in¬ 
ches  thicknefs,  as  you  have  room,  but  let  it  ftand  at  leaft 
four  inches  from  the  true  chimney-back.  In  narrow 
chimnies  this  falfe  back  runs  from  jamb  to  jamb,  but  in 
large  old  fafhioned  chimnies,  you  need  not  make  it  wider 
than  the  back  of  the  fire-place.  To  begin  it,  you  may 
form  an  arch  nearly  flat,  of  three  bricks  end  to  end,  over 
the  hollow,  to  leave  a  paflage  the  breadth  of  the  iron  fire¬ 
place,  and  five  or  fix  inches  deep,  rounding  at  bottom,  for 
the  fmoke  to  turn  and  pafs  under  the  falfe  back,  and  fo  be¬ 
hind  it  up  the  chimney.  The  falfe  back  is  to  life  till  it  is 

as  high  as  the  breaft  of  the  chimney,  and  then  to  dole  over 

to 


to  the  breaft  *  ;  always  obferving,  if  there  is  a  wooden 
mantle-tree,  to  clofe  above  it.  If  there  is  no  wood  in  the 
breaft,  you  may  arch  over  and  clofe  even  with  the  lower 
part  of  the  breaft.  By  this  doling  the  chimney  is  made 
tight,  that  no  air  or  fmoke  can  pafs  up  it,  without  going 

under  the  falfe  back.  Then  from  fide  to  fide  of  your 

% 

hollow,  again!!  the  marks  you  made  with  chalk,  raife  a 
tight  partition,  brick-on-edge,  to  feparate  the  air  from  the 
fmoke,  bevelling  away  to  half  an  inch  the  brick  that  comes 
juft  under  the  air-hole,  that  the  air  may  have  a  free  paflage 
up  into  the  air-box  :  Laftly,  clofe  the  hearth  over  that  part 
of  the  hollow  that  is  between  the  falfe  back  and  the  place 
of  the  bottom  plate,  coming  about  half  an  inch  under  the 
plate,  which  piece  of  hollow  hearth  may  be  fupported  by 
a  bit  or  two  of  old  iron  hoop  ;  then  is  your  chimney  fitted 
to  receive  the  fire-place. 

To  fet  it,  lay  firft  a  little  bed  of  mortar  all  round  the 
edges  of  the  hollow,  and  over  the  top  of  the  partition  : 
Then  lay  down  your  bottom-plate  in  its  place  (with  the 
rods  in  it)  and  tread  it  till  it  lies  firm.  Then  put  a  little 
fine  mortar  (made  of  loam  and  lime  with  a  little  hair)  into 
its  joints,  and  feb  in  your  back  plate,  leaning  it  for  the  pre- 
fent  again!!  the  falfe  back  :  Then  fet  in  your  air-box,  with 
a  little  mortar  in  its  joints  :  Then  put  in  the  two  fides,  clo- 
fing  them  up  again!!  theair-box  with  mortar  in  their  grooves, 
and  fixing  at  the  fame  time  your  regifter  :  Then  bring  up 

*  See  pag.  302,  where  the  trap-door  is  defcribed  that  ought  to  be  in  this 
elofing. 
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your  back  to  its  place,  with  mortar  in  its  grooves,  and  that 
will  bind  the  Tides  together.  Then  put  in  your  front  plate, 
placing  it  as  far  back  in  the  groove  a9  you  can,  to  leave 
room  for  the  Hiding  plate  :  Then  lay  on  your  top  plate, 
with  mortar  in  its  grooves  alfo,  fcrewing  the  whole  firmly 
together  by  means  of  the  rods.  The  capital  letters  A  B 
D  E,  &c.  in  the  annexed  cut,  {hew  the  correfponding  parts- 
of  the  feveral  plates.  Laftly,  the  joints  being  pointed  all 
round  on  the  outfide,  the  fire-place  is  fit  for  ufe. 

When  you  make  your  firfl:  fire  in  it,  perhaps  if  the 
chimney  be  thoroughly  cold,  it  may  not  draw,  the  work 
too  being  all  cold  and  damp.  In  fuch  cafe,  put  firfl:  a  few" 
{hovels  of  hot  coals  in  the  fire-place,  then  lift  up  tire 
chimney-fweeper’s  trap-door,  and  putting  in  a  fheet  or’ 
or  two  of  flaming  paper,,  fhut  it  again,  which  will  fet  the 
chimney  a  drawing  immediately,  and  when  once  it  is  filled 
with  a  column  of  warm  air,  it  will  draw  ftrongly  and  con¬ 
tinually  . 

The  drying  of  the  mortar  and  work  by  the  firft  fire,r 
may  fmell  unpleafantly,  but  that  will  foon  be  over. 

In  fome  {hallow  chimneys,  to  make  more  room  for  the 
falfe  back  and  its  flue,  four  inches  or  more  of  the  chimney 
back  may  be  picked  away. 

Let  the  room  be  made  as  tight  as  conveniently  it  may 
be,  fo  will  the  outer  air  that  muft  come  in  to  fupply  the 
room  and  draught  of  the  fire,  be  all  obliged  to  enter  thro’ 
the  paffage  under  the  bottom-plate,  and  up  through  the 
air-box,  by  which  means  it  will  not  come  cold  to  your 

backs, , 
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backs,  but  be  warmed  as  it  comes  in,  and  mixed  with 
the  warm  air  round  the  fire-place  before  it  fpreads  in 
the  room. 

But  as  a  great  quantity  of  cold  air,  in  extreme  cold  wea¬ 
ther  efpecially,  will  prefently  enter  a  room  if  the  door  be 
carelefly  left  open,  it  is  good  to  have  fome  contrivance  to 
fhut  it,  either  by  means  of  fcrew  hinges,  a  fpring,  or  a 
pulley. 

When  the  pointing  in  the  joints  is  all  dry  and  hard, 
get  fome  powder  of  black-lead,  (broken  bits  of  black-lead 
crucibles  from  the  filver-fmiths,  pounded  fine,  will  do)  and 
mixing  it  with  a  little  rum  and  water,  lay  it  on,  when  the 
plates  are  warm,  with  a  hard  brulh,  over  the  top  and  front- 
plates,  part  of  the  fide  and  bottom-plates,  and  over  all  the 
pointing ;  and,  as  it  dries,  rub  it  to  a  glofs  with  the  fame 
brulh,  fo  the  joints  will  not  be  difcerned,  but  it  will  look 
all  of  a  piece,  and  fhine  like  new  iron.  And  the  falfe  back 
being  plaifter’d  and  white-walh’d,  and  the  hearth  red¬ 
den’d,  the  whole  will  make  a  pretty  appearance.  Before 
the  black-lead  is  laid  on,  it  would  not  be  amifs  to  walh  the 
plates  with  ftrong  lee  and  a  brulh,  or  foap  and  water,  to 
cleanfe  them  from  any  fpots  of  greafe  or  filth  that  may  be 
on  them.  If  any  greafe  Ihould  afterwards  come  on  them, 

a  little  wet  alhes  will  get  it  out. 

If  it  be  well  fet  up,  and  in  a  tolerable  good  chimney, 
fmoke  will  draw  in  from  as  far  as  the  fore  part  of  the  bot¬ 
tom  plate,  as  you  may  try  by  a  bit  of  burning  paper. 

T  t  2 
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People  are  at  firft  apt  to  make  their  rooms  too  warm* 
not  imagining  how  little  a  fire  will  be  fufficient.  When 
the  plates  are  no  hotter  than  that  one  may  juft  bear  the 
hand  on  them,  the  room  will  generally  be  as.  warm  as  you 

defire  it. 


Soon  after  the  foregoing  piece  was  publifhedy  fome  per- 
fons  in  England,  in  imitation  of  Mr  Franklin’ s  invention 
made  what  they  call  Penfylvania  Fire-places,  with  improve¬ 
ments  ;  the  principal  of  which  pretended  improvements  is 
a  coni  radii  on  of  the  paf ages  in  the  air-box  originally  de- 
fignedjor  admitting  a  quantity  of  freflj  air ?  and  warming 
it  as  it  entered  the  room .  The  contracting  thefe  paf  ages y, 
gains  indeed  more  room  for  the  grate ,  but  in  a  great  mea - 
fare  defeats  their  intention .  For  if  the  paf  ages  in  the  air- 
box  do  not  greatly  exceed  in  dimenfions  the  amount  of  all  the 
crevices  by  which  cold  air  can  enter  the  roomy  they  will  not 
confiderably  prevent ,  as  they  were  intended  to  do the  entry  of 
cold  air  through  thefe  crevices „ 
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L  E  T  T  E  R  XXIV. 


FROM 

Benjamin  Franklin^  Efq  of  Philadelphia 


T  O 

Dr  L, —  — ,  at  Charles-Towny  South-  Carolina. 

'  i  .•* 

S  I  R ,  Philadelphia ,  March  18,  17551. 

SEND  you  enclofed  a  paper  containing  fome  new 
experiments  I  have  made,  in  purfuance  of  thofe  by 
Mr  Canton  that  are  printed  with  my  laft  letters.  I 
hope  thefe,  with  my  explanation  of  them,  will  afford  you 
fome  entertainment 

In  anfwer  to  your  feveral  enquiries.  The  tubes  and 
globes  we  ufe  here*  are  chiefly  made  here.  The  glafs  has 
a  greenifh  caft,  but  is  clear  and  hard,  and,  I  think,  better 
for  eledtrical  experiments  than  the  white  glafs  of  Londony 
v/hich  is  not  fo  hard.  There  are  certainly  great  differen¬ 
ces  in  glafs.  A  white  globe  I  had  made  here  fome  years 

fince,  would  never,  by  any  means,  be  excited.  Two  of 
my  friends  tried  it,  as  well  as  myfelf,  without  fuccefs.  At 

*  Seepage  155*  fgr  the  paper  here  mentioned* 
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length,  putting  it  on  an  electric  ftand,  a  chain  from  the 

/ 

prime-condudor  being  in  contad  with  it,  I  found  it  had 
the  properties  of  a  non-eledric 3  for  I  could  draw  fparks 

frorrrany  part  of  it,  though  it  was  very  clean  and  dry. 

- 

All  I  know  of  Domien,  is,  that  by  his  own  account 
he  was  a  native  of  Tranfylvania ,  of  Tartar  defcent,  but  a 
Prieft  of  the  Greek  church  :  He  fpoke  and  wrote  Latin 
very  readily  and  corredly.  He  fet  out  from  his  own 
country  with  an  intention  of  going  round  the  world,  as 
much  as  pollible  by  land.  He  travelled  through  Germany , 
France ,  and  Holland ,  to  England.  Refided  fome  time  at 
Oxford.  From  England  he  came  to  Maryland  •  thence 
went  to  New -England ;  returned  by  land  to  Philadelphia ; 
and  from  hence  travelled  through  Maryland ,  Virginia ,  and 
North- Carolina  to  you.  He  thought  it  might  be  of  fervice 
to  him  in  his  travels  to  know  fomething  of  Eledricity. 
I  taught  him  the  ufe  of  the  tube  3  how  to  charge  the  Ley¬ 
den  phial,  and  fome  other  experiments.  Fie  wrote  to  me 
from  Charles-Town ,  that  he  had  lived  eight  hundred  miles 
upon  Eledricity,  it  had  been  meat,  drink,  and  cloathing 
to  him.  His  laft letter  to  me  was,  I  think,  from  Jamaica, 
defiring  me  to  fend  the  tubes  you  mention,  to  meet  him  at 
the  Havanah ,  from  whence  he  expeded  to  get  a  paflage 
to  La  Vera  Cruz  3  defigned  travelling  over  land  through 
Mexico  to  Acapulco  3  thence  to  get  a  paflage  to  Manilla , 
and  fo  through  China ,  India ,  Perfa ,  and  Turkey \  home  to 
his  own  country  3  propofing  to  fupport  himfelf  chiefly  by 
Eledricity,  A  ftrange  projed !  But  he  was,  as  you  ob- 

ferve, 
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ferve,  &  very-  lingular  character.  I  was  forry  the  tubes  did 
not  get  to  the  llavanab  in  time  for  him  :  If  they  are  ftill 
in  being,  pleafe  to  fend  for  them,  and  accept  of  them* 
What  became  of  him  afterwards  I  have  never  heard.  He 
promifed  to  write  to  me  as  often  as  he  could  on  his  journey,, 
and  as  foon  as  he  fhould  get  home  after  frnifhing  his  tour. 
It  is  now  feven  years  fince  he  was  here.  If  he  is  ftill  in 
New  Spain,  as  you  imagine  from  that  loofe  report,  I  fup- 
pofe  it  muft  be  that  they  confine  him  there,  and  prevent  his 
writing  :  but  I  think  it  more  likely  that  he  may  be  dead. 

The  queftions  you  afk  about  the  pores  of  glafs,  I  cannot 
anfwer  otherwife,  than  that  I  know7  nothing  of  their  na' 
ture  ;  and  fuppofitions,  however  ingenious,  are  often  mere 
miftakes.  My  hypothefis,  that  they  were  fmaller  near 
the  middle  of  the  glafs,  too  fmall  to  admit  the  pafiage  of 
Eledtricity,  which  could  pafs  through  the  furface  till  it 
came  near  the  middle,  was  certainly  wrong  :  For  foon  af¬ 
ter  Iliad  written  that  letter,  I  did,  in  order  to  confirm  the* 
hypothefis,  (which  indeed  I  ought  to  have  done  before  I 
wrote  it)  make  an  experiment.  I  ground  away  five-fixths- 
of  the  thicknefs  of  the  glafs,  from  the  fide  of  one  of  my 
phials,  expecting  that  the  fuppofed  denfer  part  being  fo  re¬ 
moved,  the  electric  fluid  might  come  through  the  remain¬ 
der  of  the  glafs,  which  I  had  imagined  more  open  ;  but  1 
found  myfelf  miftaken.  The  bottle  charged  as  well  after 
the  grinding  as  before.  I  am  now,  as  much  as  ever,  at  a 
lofs  to  know  how  or  where  the  quantity  of  eledtric  fluid, 
on  the  pofitive  fide  of  the  glafs,,  is  difpofed  0 ft 

‘  '  "  '  “  '  '  A* 
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As  to  the  difference  of  condudors,  there  is  not  only 
this,  that  fome  will  cqndud  Eledricity  in  fmall  quantities, 
and  yet  do  not  conduct  it  faft  enough  to  produce  the 
fhock  ;  but  even  among  thofe  that  will  condud  a  fhock, 
there  are  fome  that  do  it  better  than  others.  Mr  Kin* 
nerjley  has  found,  by  a  very  good  experiment,  that  when 
the  charge  of  a  bottle  hath  an  opportunity  of  paffing  two 
ways,  /.  e.  ftrait  through  a  trough  of  water  ten  feet  long, 
and  fix  inches  fquare ;  or  round  about  through  twenty 
feet  of  wire,  it  paffes  through  the  wire,  and  not  through 
the  water,  though  that  is  the  fhorteft  courfe  ;  the  wire  be¬ 
ing  the  better  conductor.  When  the  wire  is  taken  away, 
it  paffes  through  the  water,  as  may  be  felt  by  a  hand 
plunged  in  the  water  ;  but  it  cannot  be  felt  in  the  water 
when  the  wire  is  ufed  at  the  fame  time.  Thus,  though  a 
fmall  vial  containing  water  will  give  a  fmart  fhock,  one 
containing  the  fame  quantity  of  mercury  will  give  one 
much  ftronger,  the  mercury  being  the  better  conductor ; 
while  one  containing  oil  only,  will  fcarce  give  any  fhock 
at  all. 

Your  queftion,  how  I  came  firft  to  think  of  propofing 

the  experiment  of  drawing  down  the  lightning,  in  order  to 

afcertain  its  famenefs  with  the  eledric  fluid,  I  cannot  an- 

* 

fwer  better  than  by  giving  you  an  extrad  from  the  minutes 
I  ufed  to  keep  of  the  experiments  I  made,  with  memo¬ 
randums  of  fuch  as  I  purpofed  to  make,  the  reafons  for 
making  them,  and  the  obfervations  that  arofe  upon  them, 
from  which  minutes  my  letters  were  afterwards  drawn. 
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By  this  extrad  you  will  fee  that  the  thought  was  not  fo 
much  “  an  out-of-the-way  one,”  but  that  it  might  have 
occurred  to  any  eledrician. 

<c  Nov.  7,  1749.  Eledrical  fluid  agrees  with  lightning 
‘c  in  thefe  particulars :  1.  Giving  light  2.  Colour  of  the 
cc  light.  3.  Crooked  direction.  4.  Swift  motion* 
te  5.  Being  conduded  by  metals.  6.  Crack  or  noife  in 
<c  exploding.  7.  Subfifting  in  water  or  ice.  8.  Rend- 
cc  ing  bodies  it  paffes  through.  9.  Deftroying  animals. 

<c  10.  Melting  metals.  11.  Firing  inflammable  fub- 
cC  fiances.  12.  Sulphureous  fmell. — The  eledric  fluid  is 
cc  attraded  by  points. — We  do  not  know  whether  this 
<f  property  is  in  lightning, — But  fince  they  agree  in  all 
“  the  particulars  wherein  we  can  already  compare  them, 
i(  is  it  not  probable  they  agree  likewife  in  this  ? — -Let  the 
ec  experiment  be  made.”  v 

.  I  wilh  I  could  give  you  any  fatisfadion  in  the  article  of 
clouds.  I  am  ftill  at  a  lofs  about  the  manner  in  which  they 
become  charged  with  Eledricity  ;  no  hypothefis  I  have 
yet  formed  perfedly  fatisfying  me.  Some  time  fince,  I 
heated  very  hot  a  brafs  plate,  two  feet  fquare,  and  placed 
it  on  an  eleftric  ftand.  From  the  plate  a  wire  extended 
horizontally  four  or  five  feet,  and,  at  the  end  of  it,  hung,  , 
by  linnen  threads,  a  pair  of  cork  balls.  I  then  repeatedly 
fprinkled  water  over  the  plate,  that  it  might  be  raifed  from 
it  in  vapour,  hoping  that  if  the  vapour  either  carried  off  the 
eledricity  of  the  plate,  or  left  behind  it  that  of  the  water, 
fpne  of  which  1  fuppofed  it  muff  do,  if,  like  the  clouds, 

■'  X  Uu  if 
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it  became  ele&rifed  itfelf,  either  pofitively  or  negatively) 

I  fhould  perceive  and  determine  it  by  the  reparation  of  the 
balls,  and  by  finding  whether  they  were  pofitive  or  ne¬ 
gative  ;  but  no  alteration  was  made  at  all,  nor  could  I 
perceive  that  the  fleam  was  itfelf  eledtrifed,  though  I  have 
ftill  feme  fufpicion  that  the  fteam  was  not  fully  examined, 
and  I  think  the  experiment  fihould  be  repeated.  Whether 
the  firft  ftate  of  eledtrifed  clouds  is  pofitive  or  negative,  if  I 
could  find  the  caufe  of  that,  I  fhould  be  at  no  lofs  about  the 
other,  for  either  is  eafily  deduced  from  the  other,  as  one 
ftate  is  eafily  produced  by  the  other.  A  ftrongly  pofitive 

cloud  may  drive  out  of  a  neighbouring  cloud  much  of  its 
natural  quantity  of  the  eleftric  fluid,  and,  palling  by  it, 
leave  it  in  a  negative  ftate.  In  the  fame  way,  a  ftrongly 
negative  cloud  may  occafion  a  neighbouring  cloud  to  draw 
into  itfelf  from  others,  an  additional  quantity,  and,  palling 
by  it,  leave  it  in  a  pofitive  ftate.  How  thefe  effedls  may 
be  produced;  you  will  eafily  conceive,  on  perufing  and 
confidering  the  experiments  in  the  enclofed  paper  :  And 
from  them  too  it  appears  probable,  that  every  change  from 
pofitive  to  negative,  and  from  negative  to  pofitive,  that,  du¬ 
ring  a  thunder  guft,  we  fee  in  the  cork-balls  annexed  to 
the  apparatus,  is  not  owing  to  the  prefence  of  clouds  in  the 
fame  ftate,  but  often  to  the  abfence  of  pofitive  or  negative 
clouds,  that,  having  juft  pafled,  leave  the  rod  in  theoppo- 
lite  ftate. 

'  The  knocking  down  of  the  fix  men  was  performed  with 
two  of  my  largejarrs  not  fully  charged.  I  laid  one  end  of 

my 
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my  difcharging  rod  upon  the  head  of  the  firft ;  he  laid 
his  hand  on  the  head  of  the  fecond  ;  the  fecond  his  hand 
on  the  head  of  the  third,  and  fo  to  the  laft,  who  held,  in 
his  hand,  the  chain  that  was  connected  with  the  outfide  of 
thejarrs.  When  they  were  thus  placed,  I  applied  the  o- 
ther  end  of  my  rod  to  the  prime-conduCtor,  and  they  all 
dropt  together.  When  they  got  up,  they  all  declared  they 
had  not  felt  any  ftroke,  and  wondered  how  they  came  to 
fall  ;  nor  did  any  of  them  either  hear  the  crack,  or  fee  the 
light  of  it.  You  fuppofe  it  a  dangerous  experiment ;  but 
I  had  once  differed  the  fame  myfelf,  receiving,  by  accident, 
an  equal  ftroke  through  my  head,  that  ftruck  me  down, 
without  hurting  me:  And  I  had  feen  a  young  woman  that 
was  about  to  be  electrified  through  the  feet,  (for  fome  in- 
difpofition)  receive  a  greater  charge  through  the  head,  by 
inadvertently  ftooping  forward  to  look  at  the  placing  of 
her  feet,  till  her  forehead  (as  the  was  very  tall)  came  too 
near  my  prime-conduCtor  :  She  dropt,  but  inftantly  got 
up  again,  complaining  of  nothing.  A  perfon  fo  ftruck, 
finks  down  doubled,  or  folded  together  as  it  were,  the  joints 
lofing  their  ftrength  and  ftiffnefs  at  once,  fo  that  he  drops 
on  the  fpot  where  he  ftood,  inftantly,  and  there  is  no  pre¬ 
vious  ftaggering,  nor  does  he  ever  fall  lengthwife.  Too 
great  a  charge  might,  indeed,  kill  a  man,  but  I  have  not 
yet  feen  any  hurt  done  by  it.  It  would  certainly,  as  you 
obferve,  be  the  eafieft  of  all  deaths. 

The  experiment  you  have  heard  fo  imperfect  an  ac¬ 
count  of,  is  merely  this. — I  electrified  a  filver  pint  cann, 

>  Uu2  on 
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on  an  ele£tric  ftand,  and  then  lowered  into  it  a  cork  ball, 
of  about  an  inch  diameter,  hanging  by  a  filk  firing,  till  the 
cork  touched  the  bottom  of  the  cann.  The  cork  was  not 

'  -  -  1  1  ' 

attracted  to  the  infide  of  the  cann  as  it  would  have  been  to 
the  outfi.de,  and  though  it  touched  the  bottom,  yet,  when 
drawn  out,  it  was  not  found  to  be  eledrified  by  that  touch, 
as  it  would  have  been  by  touching  the  outfide.  The  fad 
is  Angular.  You  require  the  reafon  ;  I  do  not  know  it. 
Perhaps  you  may  difcover  it,  and  then  you  will  be  fo  good 
as  to  communicate  it  to  me  I  find  a  frank  acknow¬ 
ledgment  of  one's  ignorance  is  not  only  the  eafieft  way  to 
get  rid  of  a  difficulty,  but  the  likelieft  way  to  obtain  infor¬ 
mation,  and  therefore  I  pradice  it  ;  I  think  it  an  honed 

• 

policy.  Thofe  who  affed  to  be  thought  to  know  every 
thing,  and  fo  undertake  to  explain  every  thing,  often  re¬ 
main  long  ignorant  of  many  things  that  others  could 
and  would  inftrud  them  in,  if  they  appeared  lefs  conceited. 

The  treatment  your  friend  has  met  with  is  fo  common, 
that  no  man  who  knows  what  the  world  is,  and  ever  has 
been,  fhould  exped  to  efcape  it.  There  are  every  where 
a  number  of  people,  who,  being  totally  deftitute  of  any 
inventive  faculty  themfelves,  do  not  readily  conceive  that 
others  may  poflefs  it:  They  think  of  inventions  as  of  mi¬ 
racles  ;  there  might  be  fuch  formerly,  but  they  are  ceafecL 

*  Mr  F .  has  fince  thought,  that,  poffibly,  the  mutual  repulfion  of  the 
inner  oppoiite  fides  of  the  eledrifed  cann,  may  prevent  the  accumulating 
an  eledric  atmofphere  upon  them,  and  occafion  it  to  ftand  chiefly  on  the 
outfide.  But  recommends  it  to  the  farther  examination  of  the  curious. 

With. 
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With  thefe,  every  one  who  offers  a  new  invention  is  deem'd 
a  pretender  s  He  had  it  from  fome  other  country,  or  from 
fome  book  :  A  man  of  their  own  acquaintance^  one  who 
has  no  more  fenfe  than  themfelves,  could  not  poffibly,  in 
their  opinion,  have  been  the  inventer  of  any  thing.  1  hey 
are  confirmed,  too,  in  thefe  fentiments,  by  frequent  in- 
fiances  of  pretentions  to  invention,  which  vanity  is  daily 
producing.  That  vanity  too,  though  an  incitement  to  in¬ 
vention,  is,  at  the  fame  time,  the  peft  of  inventors.  Jea- 
loufy  and  Envy  deny  the  merit  or  the  novelty  of  your  in¬ 
vention  $  but  Vanity,  when  the  novelty  and  merit  are  e- 
ftablifhed,  claims  it  for  its  own.  The  final ier  your  inven¬ 
tion  is,  the  more  mortification  you  receive  in  having  the 
credit  of  it  difputed  with  you  by  a  rival,  whom  the  jea- 
loufy  and  envy  of  others  are  ready  to  fupport  againft  you, 
at  lead  fo  far  as  to  make  the  point  doubtful.  It  is  not  in 
itfelf  of  importance  enough  for  a  difpute  3  no  one  would 
think  your  proofs  and  reafons  worth  their  attention  :  And 
yet  if  you  do  not  difpute  the  point,  and  demonftrate  your 
right,  you  not  only  lofe  the  credit  of  being  in  that  infiance 
ingenious ,  but  you  fuffer  the  difgrace  of  not  being  ingenu¬ 
ous  3  not  only  of  being  a  plagiary,  but  of  being  a  plagiary 
for  trifles.  Had  the  invention  been  greater  it  would  have 
difgrac’d  you  lefs  3  for  men  have  not  fo  contemptible  an 
idea  of  him  that  robs  for  gold  on  the  highway,  as  of  him 
that  can  pick  pockets  for  -half- pence  and  farthings.  Thus 
through  Envy,  Jealoufy,  and  the  Vanity  of  competitors  for 
Fame,  the  origin  of  many  of  the  moft  extraordinary  inven¬ 
tions* 
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tions,  though  produced  within  but  a  few  centuries  paft,  is 
involved  in  doubt  and  uncertainty.  We  fcarce  know  to 
whom  we  are  indebted  for  the  compafs ,  and  for  fpeffacles , 
nor  have  even  paper  and  printing ,  that  record  every  thing 
elfe,  been  able  to  preferve  with  certainty  the  name  and 
reputation  of  their  inventors.  One  would  not,  therefore, 
of  all  faculties,  or  qualities  of  the  mind,  wifli,  for  a  friend, 
or  a  child,  that  he  fhould  have  that  of  invention.  For  his 
attempts  to  benefit  mankind  in  that  way,  however  well 
imagined,  if  they  do  not  fucceed,  expofe  him,  though  very 
unjuftly,  to  general  ridicule  and  contempt ;  and,  if  they  do 
fucceed,  to  envy,  robbery,  and  abufe. 

I  am, 


B.  F, 
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LETTER  XXV. 

.  FROM 

<  .  "  '  I  '  1 

R.J.  Efq-,  or  London, 

T  O 

Benj.  Frank li Nj  Efq;  of  Philadelphia . 

DEAR  SIR, 

IT  is  now  near  three  years  fiiice  I  received  your  excel¬ 
lent  Obfervations  on  the  Increafe  oj  Mankind \  &c%,  in 

which  you  have  with  fo  much  fagacity  and  accuracy 
fhewn  in  what  manner,  and  by  what  cauies,  that  principal 
means  of  political  grandeur  is  bed:  promoted  $  and  have 
fo  well  fupported  thofe  juft  inferences  you  have  oecafional- 
ly  drawn,  concerning  the  general  ftate  of  our  American 
colonies,  and  the  views  and  conduct  of  feme  of  the  inhabi¬ 
tants  of  Great- Britain . 

You  have  abundantly  proved  that  natural  fecundity  is 
hardly  to  be  confidered,  becaufe  the  vis  generandi ,  as  far 
as  we  know,  is  unlimited,  and  becaufe  experience  fhews 
that  the  numbers  of  nations  is  altogether  governed  by  col¬ 
lateral  caufes,  and  among  thefe  none  of  lb  much  force  as 

*  See  page  197* 
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quantity  of  fubfiftence,  whether  arifing  from  climate,  foil, 
improvement  of  tillage,  trade,  fisheries,  fecure  property, 
conqueft  of  new  countries,  or  other  favourable  circum- 
ftances. 

As  I  perfectly  concurred  with  you  in  your  fentiments  on 
thefe  heads,  I  have  been  very  defirous  of  building  fome- 
what  on  the  foundation  you  have  there  laid  ;  and  was  in¬ 
duced  by  your  hints  in  the  twenty-firft  fe&ion,  to  trouble 
you  with  fome  thoughts  on  the  influence  manners  have  al¬ 
ways  had,  and  are  always  likely  to  have  on  the  numbers 
of  a  people,  and  their  political  profperity  in  general. 

The  end  of  every  individual  is  its  own  private  good. 
The  rules  it  obferves  in  the  purfuit  of  this  good,  are  a  fyf- 
tem  of  propofitions,  almoft  every  one  founded  in  authority, 
that  is,  derive  their  weight  from  the  credit  given  to  one  or 
more  perfons,  and  not  from  demonftratiom 

And  this,  in  the  mo  ft  important  as  well  as  the  other  af¬ 
fairs  of  life,  is  the  cafe  even  of  the  wifeft  and  philofophical 
part  of  the  human  fpecies ;  and  that  it  fhould  be  fo  is  the 
lefs  ftrange,  when  we  confider  that  it  is,  perhaps,  impofii- 
ble  to  prove,  that  beings  or  life  itfelf,  has  any  other  value 
than  what  is  fet  on  it  by  authority. 

A  confirmation  of  this  may  be  derived  from  the  obfer- 
vation,  that  in  every  country  in  the  univerfe,  happinefs  is 
fought*  upon  a  different  plan  $  and,  even  in  the  fame  coun¬ 
try,  we  fee  it  placed  by  different  ages,  profeffions,  and 
ranks  of  men,  in  the  attainment  of  enjoyments  utterly  un¬ 
like/  '  : 

Thefe 
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Thefe  propofitions,  as  well  as  others,  framed  upon 
them,  become  habitual  by  degrees,  and,  as  they  govern  the 
determination  of  the  will,  I  call  them  moral  habits. 

There  are  another  fet  of  habits  that  have  the  dire&ion 
of  the  members  of  the  body,  that  I  call  therefore  mechani¬ 
cal  habits .  Thefe  compofe  what  we  commonly  call  The 
Arts ,  which  are  more  or  lefs  liberal  or  mechanical,  as 

they  more  or  lefs  partake  of  affiftance  from  the  operations 
of  the  mind. 

The  cumulus  of  the  moral  habits  of  each  individual,  is' 
the  manners  of  that  individual ;  the  cumulus  of  the  manners 
of  individuals  makes  up  the  manners  of  a  nation. 

The  happinefs  of  individuals  is  evidently  the  ultimate 
end  of  political  fociety  ;  and  political  welfare,  or  the 
ftrength,  fplendour,  and  opulence  of  the  ftate,  have  been 
always  admitted,  both  by  political  writer's,'  and  the  valua¬ 
ble  part  of  mankind  in  general,  to  conduce  to  this  end  and 
are  therefore  defirable. 

The  caufes  that  advance  or  obftrudt  any  one  of  thefe 
three  objects,  are  external  or  internal.  The  latter  may  be 
divided  into  phyfical,  civil,  and  perfonal,  under  which  laft 
head  I  comprehend  the  moral  and  mechanical  habits  of 
mankind.  The  phyfical  caufes  are  principally  climate, 
foil,  and  number  of  fubje&s ;  the  civil  are  government  and 
laws  ;  and  political  welfare  is  always  in  a  ratio  compofed 
of  the  force  of  thefe  particular  caufes ;  a  multitude  of  ex¬ 
ternal  caufes,  and  all  thefe  internal  ones,  not  only  controul 
nnd  qualify,  but  are  conftantly  a&ing  on,  and  thereby  in- 
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fenfibly,  as  well  as  fenfibly,  altering  one  another,  both  for 
the  better  and  the  worfe,  and  this  not  excepting  the  cli- 


mate  itfelf.. 

The  powerful  efficacy  of  manners  in  increafing  a  people, 
is  manifeft  from  the  inftance  you  mention,  the  Quakers ; 
among  them  indullry  and  frugality  multiplies  and  extends 
'the  ufe  of  the  neceffaries  of  life  ;  to  manners  of  a  like  kind  are 
owing  the  populoufnefs  of  Holland,  Switzerland,  China,  Ja¬ 
pan,  moil  parts  of  Indojlan,  &c.  in  every  one  of  which  the 
force  of  extent  of  territory  and  fertility  of  foil  is  multiplied, 
or  their  want  compenfated  by  induftry  and  frugality. 

Neither  nature  nor  art  have  contributed  much  to  the  pro¬ 
duction  of  fubfiffence  in  Switzerland,  yet  we  fee  fruga¬ 
lity  preferves,  and  even  increafes  families  that  live  on  their 
fortunes,  and  which,  in  England,  we  call  the  Gentry  5 
and  the  obfervation  we  cannot  but  make  in  the  Southern 
part  of  this  kingdom,  that  thofe  families,  including  all  fu- 
penor  ones,  are  gradually  becoming  extinct,  affoids  the 
cleared:  proof  that  luxury  (that  is,  a  greater  expence  of 
fubfiffence  than  in  prudence  a  man  ought  to  confume)  is 
as  deftrudiye  as  a  proportionable  want  of  it;  but  in  Scot¬ 
land,  as  in  Switzerland,  the  Gentry,  though  one  with  a- 


nother  they  have  not  one- fourth  of  the  income,  increafe  in 


number. 

And  here  I  cannot  help  remarking,  by  the  by,  how 
well  founded  your  diftin&ion  is  between  the  increafe  of 
mankind  in  old  and  new  fettled  countries  in  general,  and 

more  particularly  in  the  cafe  of  families  of  condition.  In 

America: 
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"America,  where  their  expences  are  more  confined  to  ne- 
ceffaries,  and  thofe  neceflaries  are  cheap,  it  is  common  to 
‘fee  above  one  hundred  perfons  descended  from  on^  Jiving 
old  man.  In  England  it  frequently  happens,  where  a  man 
has  feven,  eight,  or  more  children,  there  has  not  been  a 
defcendant  in  the  next  generation,  occafioned  by  the  diffi¬ 
culties  the  number  of  children  has  brought  on  the  family, 

in  a  luxurious  dear  country,  and  which  have  prevented 

/ 

their  marrying. 

That  this  is  more  owing  to  luxury  than  meer  want,  ap¬ 
pears  from  what  I  have  faid  of  Scotland ,  and  more  plainly 
from  parts  of  England  remote  from  London ,  in  moil  of 
which  the  neceffaries  of  life  are  nearly  as  dear,  in  iome  dear-  , 
er  than  in  London ,  yet  the  people  of  all  ranks  marry  and 

breed  up  children. 

Again  ;  among  the  lower  ranks  of  life,  none  produce  fo 
few  children  as  fervants.  This  is,  in  fome  meafure,  to  be 
attributed  to  their  fituation,  which  hinders  marriage,  but 
it  is  alfo  to  be  attributed  to  their  luxury,  and  corruption  of 
manners,  which  are  greater  than  among  any  other  fet  of 
people  in  England ,  and  is  the  confequence  of  a  nearer  view 
of  the  lives  and  perfons  of  a  fuperior  rank,  than  any  inferi¬ 
or  rank,  without  a  proper  education,  ought  to  have. 

The  quantity  of  fubfiftence  in  England  has  unqueftio- 
nably  become  greater  for  many  ages ;  and  yet  if  the  inha¬ 
bitants  are  more  numerous,  they  certainly  are  not  lo  in 
proportion  to  our  improvement  of  the  means  of  fupport. 

I  am  apt  to  think  there  are  few  parts  of  this  kingdom  ^that 
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have  not  been  at  fome  former  time  more  populous  than  at 
prefent.  I  have  feveral  cogent  reafcns  for  thinking  fo,  o£ 
great  part  of  the  counties  I  am  mo  ft  intimately  acquainted 
with  *  but  as  they  were  probably  not  all  moft  populous  at 
the  fame  time,  and  as  fome  of  our  towns  are  vifibly  and 
vaftly  grown  in  bulk,  I  dare  not  fuppofe,  as  judicious  men 
have  done,  that  England  is  lefs  peopled  than  heretofore. 

This  growth  of  our  towns  is  the  effeCt  of  a  change  of 
manners,  and  improvement  of  arts,  common  to  all  Europe  j. 
and  though  it  is  not  imagined  that  ithasleffened  the  coun¬ 
try  growth  of  neceffaries,  it  has  evidently,  by  introducing 
a  greater  confumption  of  them,  (an  infallible  confequence 
of  a  nation’s  dwelling  in  towns)  counteracted  the  effeCts  of 
our  prodigious  advances  in  the  arts. 

But  however  frugality  may  fupply  the  place  of,  or  prodi¬ 
gality  counteract  the  effeCts  of  the  natural  or  acquired  fob- 
fiftence  of  a  country,  induftry  is,  beyond  doubt,  a  more  ef¬ 
ficacious  caufe  of  plenty  than  any  natural  advantage  of  ex¬ 
tent  or  fertility.  I  have  mentioned  inftances  of  frugality 
and  induftry  united  with  extent  and  fertility  in  Spain  and 
AJia  minor,  we  fee  frugality  joined  to  extent  and  fertility, 
without  induftry  ;  in  Ireland  we  once  faw  the  fame  $  Scot¬ 
land  had  then  none  of  them  but  frugality.  The  change, 
in  thefe  two  countries  is  obvious  to  every  one,  and  it  is 
owing  to  induftry  not  yet  very  widely  diffufed  in  either.. 

The  effeCts  of  induftry  and  frugality  in  England  are 
forprizing  ;  both  the  rent  and  the  value  of  the  inheritance 
©f  land  depend  on  them  greatly  more  than  on  nature,  and 

this- 


this  though  there  is  no  conffderable  difference  in  the  prices 
of  our  markets.  Land  of  equal  goodnefs  lets  for  double 
the  rent  of  other  land  lying  in  the  fame  county,  and  there 
are  many  years  purchafe  difference  between  different  coun¬ 
ties,  where  rents  are  equally  well  paid  and  fecure. 

Thus  manners  operate  upon  the  number  of  inhabitants, 
but  of  their  filent  effeds  upon  a  civil  conftitution,  hiftory 
and  even  our  own  experience,  yields  us  abundance  of 
proofs,  though  they  are  not  uncommonly  attributed  to  ex¬ 
ternal  caufes  :  Their  fupport  of  a  government  againft  ex¬ 
ternal  force  is  fo  great,  that  it  is  a  common  maxim  among 
the  advocates  of  liberty,  that  no  free  government  was  ever 
diffolved,  or  overcome,  before  the  manners  of  its  fubjeds 
were  corrupted. 

The  fuperiority  of  Greece  over  Perfia,  was  fingly  owing 
to  their  difference  of  manners  >  and  that,  though  all  natu¬ 
ral  advantages  were  on  the  fide  of  the  latter,  to  which  I 
might  add  the  civil  ones ;  for  though  the  greateft  of  all  ci¬ 
vil  advantages.  Liberty,  was  on  the  fide  of  Greece ,  yet  that 
added  no  political  ftrength  to  her,  than  as  it  operated  on  her 
manners,  and,  when  they  were  corrupted,  the  refloration 
of  their  liberty  by  the  Romans ,  overturned  the  remains  of 
their  power. 

Whether  the  manners  of  ancient  Rome  were,  at  any  pe¬ 
riod,  calculated  to  promote  the  happinefs  of  individuals,  it 
is  not  my  defign  to  examine  5  but  that  their  manners,  and 
the  effeds  of  thofe  manners  on  their  government,  and  pub- 


2^6  Letters  and  Papers 

lick  condudt,  founded,  enlarged,  and  fupported,  and  after¬ 
wards  overthrew  their  empire,  is  beyond  all  doubt.  One 
of  the  effects  of  their  conqueft  furniihes  us  with  a  ftrong 
proof  how  prevalent  manners  are,  even  beyond  quantity  of 
fubfiftence  5  for,  when  the  cuftom  of  bellowing  on  the  ci¬ 
tizens  of  Rome  corn  enough  to  fupport  themfelves  and  fa¬ 
milies,  was  become  eftablifhed,  and  Egypt  and  Sicily  produ¬ 
ced  the  grain  that  fed  the  inhabitants  of  Italy ,  this  became 
lefs  populous  every  day,  and  the  Jus  trium  liber orum  was 
but  an  expedient  that  could  not  balance  the  want  of  inuuf- 
try  and  frugality. 

But  corruption  of  manners  did  not  only  thin  the  inhaoi- 
tants  of  the  Roman  empire,  it  rendeied  the  remainder  in¬ 
capable  of  defence,  long  before  its  fall,  perhaps  before  the 
diffolution  of  the  Republic  :  fo  that  without  Handing  difei- 
’  plined  armies  compofed  of  men,  whofe  moral  habits  prin¬ 
cipally,  and  mechanical  habits  fecondarily,  made  them  dif¬ 
ferent  from  the  body  of  the  people,  the  Roman  empire  had 
been  a  prey  to  the  Barbarians  many  ages  before  it  w  as. 

By  the  mechanical  habits  of  the  foldiery,  I  mean  their 
difcioline,  and  the  art  of  war  5  and  that  this  is  but  a  fecon- 
dary  quality,  appears  from  the  inequality  that  has  in  all  ages 
been  between  raw,  though  well  difeiplined  armies,  and  ve¬ 
terans,  and  more  from  tne  irreiiftible  force  of  a  fingle  mo¬ 
ral  habit,  Religion,  has  conferred  on  troops  frequently  nei¬ 
ther  difeiplined  nor  experienced. 

The  military  manners  of  tne  iNobleffe  in  France ,  com- 

pofe  the  chief  force  of  that  kingdom,  and  the  enterprising 

man- 
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manners,  and  reftlefs  difpofitions  of  the  inhabitants  of  Ca¬ 
nada  have  enabled  a  handful  of  men  to  harrafs  our  popu¬ 
lous,  and,  generally,  lefs  martial  colonies ;  yet  neither  are 
of  the  value  they  feem  at  firft  fight,  becaufe,  overbalanced 
by  the  defedf  they  occafion  of  other  habits  that  would 
produce  more  eligible  political  good  :  And  military  man¬ 
ners  in  a  people  are  not  neceflary  in  an  age  and  country 
where  fuch  manners  may  be  occafionally  formed  and  pre- 
ferved  among  men  enough  to  defend  the  ftate  ;  and  fuch 
a  country  is  Great-Britain ,  where,  though  the  lower  clafs 
of  people  are  by  no  means  of  a  military  caft,  yet  they 
make  better  foldiers  than  even  the  NoblelTe  of  France . 

The  inhabitants  of  this  country,  a  few  ages  back,  were 
to  the  populous  and  rich  provinces  of  France,  what  Cana¬ 
da  is  now  to  the  Briti/h  colonies.  It  is  true,  there  was 
lefs  difproportion  between  their  natural  flrength  ;  but  I 
mean  that  the  riches  of  France  were  a  real  weaknefs  oppo- 
led  to  the  military  manners  founded  upon  poverty  and  a 
rugged  difpofition,  then  the  character  of  the  Englijh  ;  but 
it  muft  be  remembered,  that  at  this  time  the  manners  of  a 
people  were  not  diftinct  from  that  of  their  foldiery,  for 
the  ufe  of  Handing  armies  has  deprived  a  military  people 
of  the  advantages  they  before  had  over  others ;  and  though 
it  has  been  often  faid,  that  civil  wars  give  power,  becaufe 
they  render  all  men  foldiers,  I  believe  this  has  only  been 
found  true  in  internal  wars,  following  civil  wars,  and  not 
in  external  ones  ;  for  now,  in  foreign  wars,  a  fmall  army 

with  ample  means  to  fupport  it,  is  of  greater  force  than 
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one  more  numerous,  with  lefs.  This  laft  fa£t  has  often 

I 

happened  between  France  and  Germany. 

The  means  of  fupporting  armies,  and,  confequently,  the 
power  of  exerting  external  ftrength,  are  beft  found  in  the 
induftry  and  frugality  of  the  body  of  a  people  living  un¬ 
der  a  government  and  laws  that  encourage  commerce,  for 
commerce  is  at  this  day  almoft  the  only  Jlimulus  that  forces 
every  one  to  contribute  a  (hare  of  labour  for  the  publick 
benefit. 

But  fuch  is  the  human  frame,  and  the  world  is  fo  con- 
ftituted,  that  it  is  a  hard  matter  to  poflefs  ones  felf  of  a  be¬ 
nefit,  without  laying  ones  felf  open  to  a  lofs  on  fome  other 
fide  ;  the  improvements  of  manners  of  one  fort,  often  de¬ 
prave  thofe  of  another  :  Thus  we  fee  induftry  and  fruga¬ 
lity  under  the  influence  of  commerce,  which  I  call  a  com¬ 
mercial  fpirit,  tend  to  deftroy,  as  well  as  fupport,  the  go¬ 
vernment  it  flourifhes  under. 

Commerce  perfects  the  arts,  but  more  the  mechanical 
than  the  liberal,  and  this  for  an  obvious  reafon  ;  it  foftens 
and  enervates  the  manners.  Steady  virtue,  and  unbending 
integrity,  are  feldom  to  be  found  where  a  fpirit  of  com¬ 
merce  pervades  every  thing  ;  yet  the  perfection  of  com¬ 
merce  is,  that  every  thing  fhould  have  its  price.  We  eve¬ 
ry  day  fee  its  progrefs,  both  to  our  benefit  and  detriment 
here.  Things  that  boni  mores  are  forbid  to  be  fet  to  fale, 
are  become  its  objeCts,  and  there  are  few  things  indeed  ex¬ 
tra  commercium.  The  legiflative  power  itfelf  has  been 

in  commercio ,  and  church  livings  are  feldom  given  without 

con- 


confideration,  even  by  fincere  Chriftians,  and  for  confldera- 
tion  not  feldom  to  very  unworthy  perfons.  The  rudenefs 
of  ancient  military  times,  and  the  fury  of  more  mo¬ 
dern  enthufiaftic  ones,  are  worn  off ;  even  the  fpirit  of  fo- 
renfic  contention  is  aftoniihingly  diminiihed,  all  marks  of 
manners  foftening ;  but  Luxury  and  Corruption  have  taken 
their  places,  and  feem  the  infeparable  companions  of  Com* 
merce  and  the  Arts. 

I  cannot  help  obferving,  however,  that  this  is  much 
more  the  cafe  in  extenfive  countries,  efpecialiy  at  their  me¬ 
tropolis,  than  in  other  places*  It  is  an  old  obfervation  of 
politicians,  and  frequently  made  by  hiftorians,  that  fmall 
ftates  always  beft  preferve  their  manners ;  whether  this  hap¬ 
pens  from  the  greater  room  there  is  for  attention  in  the 
legiilature,  or  from  the  lefs  room  there  is  for  Ambition 
and  Avarice,  it  is  a  ftrong  argument,  among  others,  againft 
an  incorporating  union  of  the  colonies  in  America ,  or  even 
a  federal  one,  that  may  tend  to  the  future  reducing  them 

under  one  government. 

) 

Their  power,  while  united,  is  lefs,  but  their  liberty,  as 
well  as  manners,  is  more  fecure ;  and,  confidering  the  little 
danger  of  any  conqueft  to  be  made  upon  them,  I  had  ra¬ 
ther  they  fhould  fuffer  fomething  through  difunion,  than 
fee  them  under  a  general  adminiftration  lefs  equitable  than 
that  concerted  at  Albany. 

I  take  it,  the  inhabitants  of  Pennfylvania  are  both  frugal 
and  induflrious  beyond  thofe  of  any  province  in  America. 
If  luxury  fhould  fpread,  it  cannot  be  extirpated  by  laws. 

Y  y  We 


340  Letters  and  Papers 

We  are  told  by  Plutarch ,  that  Plato  ufed  to  fay,  It  was  a 
hard  thing  to  make  laws  for  the  Cyrenians,  a  people  abound¬ 
ing  in  plenty  and  opulence . 

But  from  what  I  fet  out  with,  it  is  evident,  if  I  be  not 
miftaken,  that  education  only  can  ftem  the  torrent,  and 
without  checking  either  true  induftry  or  frugality,  prevent 
the  fordid  frugality  and  lazinefs  of  the  old  Irijh ,  and  many 
of  the  modern  Scotch ,  (I  mean  the  inhabitants  of  that 
country,  thofe  who  leave  it  for  another  being  generally  in- 
duftrious)  or  the  induftry,  mixed  with  luxury,  of  this  ca¬ 
pital,  from  getting  ground,  and  by  rendering  ancient  man¬ 
ners  familiar,  produce  a  reconciliation  between  difintereft- 
edncfs  and  commerce  ;  a  thing  we  often  fee,  but  almoft 
always  in  men  of  a  liberal  education. 

To  conclude  5  when  we  would  form  a  people,  foil  and 
climate  may  be  found,  at  leaft  diffidently  good  :  Inhabi¬ 
tants  may  be  encouraged  to  fettle,  and  even  fupported  for 
a  while  :  a  good  government  and  laws  may  be  framed, 
and  even  arts  may  be  eftablifhed,  or  their  produce  import¬ 
ed  j  but  many  neceffary  moral  habits  are  hardly  ever  found 
among  thofe  who  voluntarily  offer  themfelves  in  times  of 
quiet  at  home,  to  people  new  colonies ;  befides  that  the 
moral,  as  well  as  mechanical  habits,  adapted  to  a  mother 
country,  are  frequently  not  fo  to  the  new  fettled  one,  and 
to  external  events,  many  of  which  are  always  unforefeem 
Hence  it  is  we  have  feen  fuch  fruitlefs  attempts  to  fettle  co¬ 
lonies,  at  an  immenfe  public  and  private  expence,  by  feve- 

ral  of  the  powers  of  Europe  :  And  it  is  particularly  obfer- 

vable 


4 


vable  that  none  of  the  Englijh  colonies  became  any  way 
confiderable,  till  the  neceffary  manners  were  born  and  grew 
up  in  the  county,  excepting  thofe  to  which  lingular  cir¬ 
ca  mftances  at  home  forced  manners  fit  for  the  forming  a 
new  fiate. 

•  l  am,  Sir,  &c.  R.  J. 

-  i  '>  ' 
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»..  *  - 

Benjamin  Franklin,,  Efq>  of  Philadelphia } 

TO 

\  ,  v 

Dr  L —  — 3  at  Charles-cfo!wni  South-Carolina> 

SIR,  New-Tork,  April  14,  1757. 

¥T  is  a  long  time  fince  I  had  the  pleafure  of  a  line 
B  from  you  ;  and,  indeed,  the  troubles  of  our  country* 
with  the  hurry  of  bufinefs  I  have  been  engaged  in  on 
that  account,  have  made  me  fo  bad  a  correfpondent,  that  I 
ought  not  to  expedt  punctuality  in  others. 

But  being  about  to  embark  for  England ,  I  could  not 
quit  the  Continent  without  paying  my  refpedts  to  you* 
and,  at  the  fame  time,  taking  leave  to  introduce  to  your 
acquaintance  a  Gentleman  of  learning  and  merit,  Colonel 

Y  y  2  Henry 
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Henry  Bouquet ,  who  does  me  the  favour  to  prefent  you 

this  letter,  and  with  whom  I  am  lure  you  will  be  much 

pleafed.  ; 

Profeior  Simpfon ,  of  Glafgow ,  lately  communicated 


to  me  fome  curious  experiments  of  a  phyfician  of  his  ac¬ 
quaintance,  by  which  it  appeared,  that  an  extraordinaiy 
degree  of  cold,  even  to  freezing,  might  be  produced  by 
evaporation.  I  have  not  had  leifuie  to  icpeat  and  examine 
more  than  the  firft  and  eafiefr  of  them,  vix*.  \^Vet  the 


ball  of  a  thermometer  by  a  feather  dipt  in  fpirit  of  wine, 
which  has  been  kept  in  the  fame  loom,  and  has,  or  courfe, 
the  fame  degree  of  heat  or  cold.  The  mercury  finks  pre- 
fently  three  or  four  degrees,  and  the  quicker,  if,  during 
the  evaporation,  you  blow  on  the  ball  with  bellows ;  a  fe- 
cond  wetting  and  blowing,  when  the  mercury  is  down, 
carries  it  yet  lower.  I  think  I  did  not  get  it  lower  than 
five  or  fix  degrees  from  where  it  naturally  flood,  which 
was,  at  that  time,  fixty.  But  it  is  faid,  that  a  veflel  of  wa¬ 
ter  being  placed  in  another  fome  what  larger,  containing 
fpirit,  in  fuch  a  manner  that  the  veflel  of  water  is  fur- 
rounded  with  the  fpirit,  and  both  placed  under  the  re- 
ceiver  of  an  air-pump  ;  on  exhaufting  the  air,  the  fpirit, 
evaporating,  leaves  fuch  a  degree  of  cold  as  to  freeze  the 
water,  though  the  thermometer,  in  the  open  air,  ftands 
many  degrees  above  the  freezing  point, 

I  know  not  how  this  phenomenon  is  to  be  accounted 
for/  but  it  gives  me  occaflon  to  mention  fome  loofe  noti¬ 
ons  relating  to  heat  and  cold,  which  I  have  for  fome  time 


enter 
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entertained,  but  not  yet  reduced  into  any  form.  Allowing 
common  fire,  as  well  as  eleCtrical,  to  be  a  fluid  capable  of 
permeating  other  bodies,  and  feeking  an  equilibrium,  1  i~ 
magine  fome  bodies  are  better  fitted  by  nature  to  be  con¬ 
ductors  of  that  fluid  than  others ;  and  that,  generally,  thofe 
which  are  the  beft  conductors  of  the  eleCtrica!  fluid,,  are; 
alfo  the  beft  conductors  of  this  ;  and  e  contra . 

Thus  a  body  which  is  a  good  conductor  of  fire,  readily 
receives  it  into  its  fubftance,  and  conducts  it  through  the 
whole  to  all  the  parts,  as  metals  and  water  do  y  and  if  two 
bodies,  both  good  conductors,  one  heated,  the  other  in  its 
common  ftate,  are  brought  into  contaCt  with  each  other*, 
the  body  which  has  molt  fire,  readily  communicates  of  it 
to  that  which  had  leaft,  and  that  which  had  leaft  readily 
receives  it,  till  an  equilibrium  is  produced.  Thus  if  you 
take  a  dollar  between  your  fingers  with  one  hand,  and  a 
piece  of  wood,  of  the  fame  dimenfions,  with  the  other* 
and  bring  both  at  the  fame  time  to  the  flame  of  a  candle, 
you  will  find  yourfelf  obliged  to  drop  the  dollar  before 
yotl  drop  the  wood,  becaufe  it  conducts  the  heat  of  the 
candle  fooner  to  your  flefh.  Thus  if  a  filver  tea-pot  had 
a  handle  of  the  fame  metal,  it  would  conduCt  the  heat  from; 
the  water  to  the  hand,  and  become  too  hot  to  be  ufed  ; 
we  therefore  give  to  a  metal  tea-pot  a  handle  of  wood, 
-which  is  not  fo  good  a  conductor  as  metal.  But  a  china  or 

1  '  s*  1 

ftone  tea-pot  being  in  fome  degree  of  the  nature  of  glafs, 
which  is  not  a  good  conductor  of  heat,  may  have  a  handle 
of  the  fame  fluff.  Thus,  alfo,  a  damp  moift  air  fh all  make 

-  a  man; 
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a  man  more  fenfible  of  cold,  or  chill  him  more  than  a  dry 
air  that  is  colder,  becaufe  a  moift  air  is  fitter  to  receive  and 
conduit  away  the  heat  of  his  body.  This  fluid  entering 
bodies  in  great  quantity,  firfl  expands  them,  by  feparating 
their  parts  a  little,  afterwards  by  farther  feparating  their  ^ 
parts,  it  renders  folids  fluid,  and  at  length  diffipates  their 
parts  in  air.  Take  this  fluid  from  melted  lead,  or  from 
water,  the  parts  cohere  again,  the  firft  grows  folid,  the  lat¬ 
ter  becomes  ice  :  And  this  is  fooner  done  by  the  means  of 

I 

good  condu&ors.  Thus  if  you  take,  as  I  have  done,  a 
fquare  bar  of  lead,  four  inches  long,  and  one  inch  thick, 
together  with  three  pieces  of  wood  planed  to  the  fame 

dimenfions,  and  lay  them,  as  in  the  margin3 
on  a  fmooth  board,  fixt  fo  as  not  to  be  eafily 
feparated  or  moved,  and  pour  into  the  cavity  j 
they  form,  as  much  melted  lead  as  will  fill 
it,  you  will  fee  the  melted  lead  chill,  and 
become  firm,  on  the  fide  next  the  leaden 
bar,  fome  time  before  it  chills  on  the  other  three  fides 
in  contafl:  with  the  wooden  bars,  though  before  the  lead 
was  poured  in,  they  might  all  be  fuppofed  to  have  the 
fame  degree  of  heat  or  coldnefs,  as  they  had  been  expofed 
in  the  fame  room  to  the  fame  air.  You  will  like  wife  ob- 
ferve,  that  the  leaden  bar,  as  it  has  cooled  the  melted  lead 
more  than  the  wooden  bars  have  done,  fo  it  is  itfelf  more 
heated  by  the  melted  lead.  There  is  a  certain  quantity  of 
this  fluid  called  fire,  in  every  living  human  body,  which 

fluid  being  in  due  proportion,  keeps  the  parts  of  the  flefii 

and 
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and  blood,  at  fuch  a  juft  diftance  from  each  other,  as  that 
the  flefh  and  nerves  are  fupple,  and  the  blood  fit  for  cir¬ 
culation,  If  part  of  this  due  proportion  of  fire  be  con¬ 
ducted  away  by  means  of  a  contact  with  other  bodies,  as 
air,  water,  or  metals,  the  parts  of  our  fkin  and  flefti  that 
come  into  fuch  contact,  firft  draw  more  near  together  than 
is  agreeable,  and  give  that  fenfation  which  we  call  cold  ; 
and  if  too  much  be  conveyed  away,  the  body  ftiffens,  the 
blood  ceafes  to  flow,  and  death  enfues.  On  the  other 
hand,  if  too  much  of  this  fluid  be  communicated  to  the 
flefti,  ,  the  parts  are  feparated  too  far,  and  pain  enfues,  as 
when  they  are  feparated  by  a  pin  or  lancet.  The  fenfation 
that  the  feparation  by  fire  occafions,  we  call  heat,  or  burn¬ 
ing.  My  defk  on  which  I  now  write,  and  the  lock  of  my 
defk,  are  both  expofed  to  the  fame  temperature  of  the  air3 
and  have  therefore  the  fame  degree  of  heat  or  cold  •  yet  if 
I  lay  my  hand  fucceflively  on  the. wood  and  on  the  metal, 
the  latter  feels  much  the  coldeft,  not  that  it  is  really  fo,  but 
being  a  better  conductor,  it  more  readily  than  the  wood 
takes  away  and  draws  into  itfelf  the  fire  that  was  in  my 
fkin.  Accordingly  if  I  lay  one  hand,  part  on  the  lock, , 
and  part  on  the  wood,  and  after  it  had  lain  fo  fome  time, 

I  feel  both  parts  with  my  other  hand,  I  find  the  part  that : 
has  been  in  contact  with  the  lock,  very  fenfibly  colder  to 
the  touch,,  than  the  part  that  lay  on  the  wood. .  How  a 
living  animal  obtains  its  quantity  of  this  fluid  called  fire,  is  a  > 
curious  queftion,  I  have  fhewn  that  fome  bodies  (as  me¬ 
tals)  have  a  power  of  attracting  it  ftronger  than  others ;  and  < 


I  -  have .. 
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I  have  fometlmes  fufpeCted  that  a  living  body  had  fome 
power  of  attracting  out  of  the  air,  or  other  bodies,  the 
heat  it  wanted.  Thus  metals  hammered,  or  repeatedly 
bents  grow  hot  in  the  bent  or  hammered  part.  But  when 
1  confider  that  air,  in  contact  with  the  body,  cools  it ;  that 
the  furrounding  air  is  rather  heated  by  its  contaCt  with  the 
body  5  that  every  breath  of  cooler  air  drawn  in,  carries  oft 
part  of  the  body’s  heat  when  it  paffes  out  again  that 
therefore  there  mull  be  in  the  body  a  fund  for  producing 
it,  or  otherwife  the  animal  would  foon  grow  cold  ;  I  have 
been  rather  inclined  to  think  that  the  fluidy?r^,  as  well  as 
the  fluid  air,  is  attracted  by  plants  in  their  growth,  and  be¬ 
comes  confolidated  with  the  other  materials  of  which  they 
are  formed,  and  makes  a  great  part  of  their  fubftance  : 
That  when  they  come  to  be  digefted,  and  to  fuffer  in  the 
veflfels  a  kind  of  fermentation,  part  of  the  fire,  as  well  as 
part  of  the  air,  recovers  its  fluid  aCtive  ftate  again,  and  dif- 
fufes  itfelf  in  the  body  digefting  and  feparating  it  :  That  the 
fire  fo  reproduced,  by  digeftion  and  feparation  continually 
leaving  the  body,  its  place  is  fupplied  by  frefh  quantities, 
arifing  from  the  continual  feparation.  That  whatever 
quickens  the  motion  of  the  fluids  in  an  animal,  quickens 
the  feparation,  and  reproduces  more  of  the  Are  5  as  exercife. 
That  all  the  fire  emitted  by  wood,  and  other  combuftibles, 
when  burning,  exifted  in  them  before,  in  a  folid  ftate,  be¬ 
ing  only  difcovered  when  feparating.  T.  hat  fome  foflils, 
as  fulphur,  fea~coa!,  &c.  contain  a  great  deal  of  folid  fire  : 
That  fome  bodies  are  almoft  wdiolly  folid  fire  $  and  that. 
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in  finort,  what  efcapes  and  is  diffipated  in  the  burning  of 
bodies,  befides  water  and  earth,  is  generally  the  air  and  fire 
that  before  made  parts  of  the  folid. — Thus  I  imagine  that 
animal  heat  arifes  by  or  from  a  kind  of  fermentation  in  the 
juices  of  the  body,  in  the  fame  manner  as  heat  arifes  in  the 
liquors  preparing  for  diftillation,  wherein  there  is  a  repa¬ 
ration  of  the  fpirituous,  from  the  watry  and  earthy  parts. 
— And  it  is  remarkable,  that  the  liquor  in  a  diftiller’s  vat, 
when  in  its  higheft  and  beft  ftate  of  fermentation,  as  I  have 
been  informed,  has  the  fame  degree  of  heat  with  the  hu¬ 
man  body  that  is,  about  94  or  96. 

Thus,  as  by  a  conftant  fupply  of  fuel  in  a  chimney,  you 
keep  a  warm  room,  fo,  by  a  conftant  fupply  of  food  in  the 
ftomach,  you  keep  a  warm  body  ;  only  where  little  exer- 
cife  is  ufed,  the  heat  may  poffibly  be  conducted  away  too 
faft  ;  in  which  cafe  fuch  materials  are  to  be  ufed  for  cloath- 
ing  and  bedding,  againft  the  effects  of  an  immediate  con¬ 
tact  of  the  air,  as  are,  in  themfelves,  bad  conductors  of  heat, 
and,  confequently,  prevent  its  being  communicated  thro’ 
their  fubftance  to  the  air.  Hence  what  is  called  warmth 
in  wool,  and  its  preference,  on  that  account,  to  linnen  ; 
wool  not  being  fo  good  a  conductor  :  And  hence  all  the 
natural  coverings  of  animals,  to  keep  them  warm,  are 
fuch  as  retain  and  confine  the  natural  heat  in  the  body,  by 
being  bad  conductors,  fuch  as  wool,  hair,  feathers,  and  the 
filk  by  which  the  filk-worm,  in  its  tender  embrio  ftate,  is 
firft  cloathed.  Cloathing,  thus  confidered,  does  not  make 
a  man  warm  by  giving  warmth,  but  by  preventing  the 

Z  z  .too 


,-,  4,8  Letters  and  Papers 

too  quick  diffipation  of  the  heat  produced  in  his  body,  and 

fo  occafioning  an  accumulation. 

There  is  another  curious  queftion  I  will  juft  venture  to 

touch  upon,  viz.  Whence  arifes  the  fudden  extraordinary 
decree  of  cold,  perceptible  on  mixing  fome  chemical  li¬ 
quors  and  even  on  mixing  fait  and  fnow,  where  the  com¬ 
petition  appears  colder  than  the  coldeft  of  the  ingredients  ? 

I  have  never  feen  the  chemical  mixtures  made,  but  fait  and 
fnow  I  have  often  mixed  myfelf,  and  am  fully  fatisfied  that 
the  compofition  feels  much  colder  to  the  touch,  and  low¬ 
ers  the  mercury  in  the  thermometer  more  than  either  in¬ 
gredient  would  do  feparately.  I  fuppofe,  with  others,  that 
cold  is  nothing  more  than  the  abfence  of  heat  or  fire. 
Now  if  the  quantity  of  fire  before  contained  or  diffufed  in 
the  fnow  and  fait,  was  expelled  in  the  uniting  of  the  two 
matters,  it  muft  be  driven  away  either  through  the  air  or 
the  veffel  containing  them.  If  it  is  driven  off  through  the 
air,  it  muft  warm  the  air,  and  a  thermometer  held  over  the 
mixture,  without  touching  it,  would  difcover  the  heat,  by 
the  rifing  of  the  mercury,  as  it  muft,  and  always  does  in 

warm  air.  ,  '  1  % 

This,  indeed,  I  have  not  tried,  but  I  fhould  guefs  it 

would  rather  be  driven  off  through  the  veffel,  efpecially  if 
the  veffel  be  metal,  as  being  a  better  condudor  than  air ; 
and  fo  one  fhould  find  the  bafon  warmer  after  fuch  mix¬ 
ture.  But,  on  the  contrary,  the  veffel  grows  cold,  and  even 
water  in  which  the  veffel  is  lometimes  placed  for  the  ex 
periment,  freezes  into  hard  ice  on  the  bafon.  Now  I  know 
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not  how  to  account  for  this,  otherwife  than  by  fuppofing 

V 

that  the  compofition  is  a  better  conductor  of  fire  than  the 
ingredients  feparately,  and,  like  the  lock  compared  with 
the  wood,  has  a  ftronger  power  of  attracting  fire,  and  does 
accordingly  attradl  it  fuddenly  from  the  fingers,  or  a  ther¬ 
mometer  put  into  it,  from  the  bafon  that  contains  it,  and 
from  the  water  in  contadt  with  the  outfide  of  the  bafon ; 
fo  that  the  fingers  have  the  fenfation  of  extreme  cold,  by 
being  deprived  of  much  of  their  natural  fire  ;  the  thermo¬ 
meter  finks,  by  having  part  of  its  fire  drawn  out  of  the  mer¬ 
cury  •  the  bafon  grows  colder  to  the  touch,  as  by  having  its 
fire  drawn  into  the  mixture,  it  is  become  more  capable  of 
drawing  and  receiving  it  from  the  hand  $  and  through  the 
bafon,  the  water  lofes  its  fire  that  kept  it  fluid  $  fo  it  be¬ 
comes  ice. — One  would  expedt  that  from  all  this  attracted 
acquifition  of  fire  to  the  compofition,  it  fhould  become  war¬ 
mer  and,  in  fad:,  the  fnow  and  fait  diflolve  at  the  fame 
time  into  water,  without  freezing. 

I  am ,  Sir ,  &c.  B.  F* 
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letter  XXVII. 

FROM 

Benjamin  Franklin.,  Efq\  of  Philadelphia , 

T  O 

l  -I  ' 

S  %  , 

Peter  Collinson,  Efq\  at  London. 

i  .  > 

SIR, 

ACCORDING  to  your  requeft,  I  now  fend  you  the 
Arithmetical  Curiofity,  of  which  this  is  the  hiftory. 
Being  one  day  in  the  country,  at  the  houfe  of  our  com¬ 
mon  friend,  the  late  learned  Mr.  Logan^  he  fhewed  me  a  folio 
French  book,  filled  with  magic  lquares,  wrote,  if  I  forget 
not,  by  one  M.  Frenicle,  in  which  he  faid  the  author  had 
difcovered  great  ingenuity  and  dexterity  in  the  manage¬ 
ment  of  numbers  -y  and,  though  feveral  other  foreigners  had 
diftinguilhed  themfelves  in  the  fame  way,  he  did  not  re¬ 
coiled:  that  any  one  Englijhman  had  done  any  thing  of 
the  kind  remarkable. 

I  faid5  it  was,  perhaps,  a  mark  of  the  good  fenfe  of  our 
Englijh  mathematicians,  that  they  would  not  fpend  their 
time  in  things  that  were  merely  difficiles  nugce,  incapable 
of  any  ufeful  application.  He  anfwered,  that  many  of  the 

arithmetical  or  mathematical  queftions,  publickly  propofed 

and 
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and  anfwered  in  England ?  were  equally  trifling  and  ufelefs. 
Perhaps  the  confldering  and  anfwering  fuch  queftions,  I 
replied,  may  not  be  altogether  ufelefs,  if  it  produces  by 
practice  an  habitual  readinefs  and  exadtnefs  in  mathemati¬ 
cal  difquilitions,  which  readinefs  may,  on  many  occafions, 
be  of  real  ufe.  In  the  fame  way,  fays  he,  may  the  making 
of  thefe  fquares  be  of  ufe.  I  then  confeffed  to  him,  that 
in  my  younger  days,  having  once  fome  leifure,  (which  I 
ftili  think  I  might  have  employed  more  ufefully)  I  had  a- 
mufed  myfelf  in  making  thefe  kind  of  magic  fquares,  and, 
at  length,  had  acquired  fuch  a  knack  at  it,  that  I  could  fill 
the  cells  of  any  magic  fquare,  of  reafonable  fize,  with  a  fe- 
ries  of  numbers  as  faft  as  I  could  write  them,  difpofed  in 
fuch  a  manner,  as  that  the  fums  of  every  row,  horizontal, 
perpendicular,  or  diagonal,  fhould  be  equal ;  but  not  be¬ 
ing  fatisfied  with  thefe,  which  I  looked  on  as  common  and 
eafy  things,  I  had  impofed  on  myfelf  more  difficult  talks, 
and  fucceeded  in  making  other  magic  fquares,  with  a  va¬ 
riety  of  properties,  and  much  more  curious.  He  then 
fhewed  me  feveral  in  the  fame  book,  of  an  uncommon  and 
more  curious  kind ;  but  as  I  thought  none  of  them  equal 
to  fome  I  remembered  to  have  made,  he  defired  me  to  let 
him  fee  them  ;  and  accordingly,  the  next  time  I  vifited 
him,  I  carried  him  a  fquare  of  8,  which  I  found  among  my 
old  papers,  and  which  I  will  now  give  you,  with  an  ac¬ 
count  of  its  properties.  (See  Plate  IV.) 
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The  properties  are, 

1.  That  every  flrait  row  (horizontal  .or  veitical)  of  8 
numbers  added  together,  makes  260,  and  half  eacii  low 

half  260. 

2.  That  the  bent  row  of  8  numbers,  afcending  and  de- 
fcending  diagonally,  viz.  from  16  afcending  to  10,  and 
from  23  defcending  to  17;  and  every  one  of  its  parallel 
bent  rows  of  8  numbers,  make  260.— Alfo  the  bent  row 
from  52,  defcending  to  54,  and  from  43  afcending  to  45  ; 
and  every  one  of  its  parallel  bent  rows  of  8  numbers,  make 
260/ — Alfo  the  bent  row  from  45  to  43  defcending  to  the 
left,  and  from  23  to  17  defcending  to  the  right,  and  every 
one  of  its  parallel  bent  rows  of  8  numbers  make  260 . 
Alfo  the  bent  row  from  52  to  54  defcending  to  the  right, 
and  from  10  to  16  defcending  to  the  left,  and  every  one  of 
its  parallel  bent  rows  of  8  numbers  make  260. — Alfo  the 
parallel  bent  rows  next  to  the  above-mentioned,  which  are 
fhortened  to  3  numbers  afcending,  and  3  defcending,  &c. 
as  from  53  to  4  afcending,  and  from  29  to  44  defcending, 
make,  with  the  2  corner  numbers,  260. — Alfo  the  2  num¬ 
bers  14,  6  r  afcending,  and  36,  19  defcending,  with  the 
lower  4  numbers  fituated  like  them,  viz.  50,  1,  defcend¬ 
ing,  and  32,  47,  afcending,  make  260. — -And,  laftly,  the 
4  corner  numbers,  with  the  4  middle  numbers,  make  260* 

So  this  magical  fquare  feems  perfect  in  its  kind.  But 

thefe  are  not  all  its  properties ;  there  are  3  other  curious 

ones,  which,  at  fome  other  time,  I  will  explain  to  you. 

)  Mr. 
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I  did  not,  however,  end  with  fquares,  but  compofed  al- 
fo  a  magick  circle,  confiding  of  8  concentric  circles,  and 
8  radial  rows,  filled  with  a  feries  of  numbers,  from  1 2  to 
75,  inclufive,  fo  difpofed  as  that  the  numbers  of  each  circle, 
or  each  radial  row,  being  added  to  the  central  number  12, 
they  made  exaftly  360,  the  number  of  degrees  in  a  circle  ; 
and  this  circle  had,  moreover,  all  the  properties  of  the 
fquare  of  8.  If  you  defire  it,  I  will  fend  it ;  but  at  prefent, 

I  believe,  you  have  enough  on  this  fubjedf. 

1  am,  &c.  B.  F. 


LETTER  XXVIII. 

To  the  fame. 

'■  /  * 

SIR, 

I  A  M  glad  the  perufal  of  the  magical  fquares  afforded 
you  any  amufement.  I  now  fend  you  the  magical 

circle.  (See  Plate  V>) 

Its  properties,  befides  thofe  mentioned  in  my  former, 
are  thefe. 

Half  the  number  in  any  radial  row,  added  with  half  the 
central  number,  make  280,  equal  to  the  number  of  degrees 

in  a  femi-circle. 

Alfo 
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Alfo  half  the  numbers  in  any  one  of  the  concentric  cir¬ 
cles,  taken  either  above  or  below  the  horizontal  double 
line,  with  half  the  central  number,  make  180. 

And  if  any  four  adjoining  numbers,  {landing  nearly  in  a 
fquare,  be  taken  from  any  part,  and  added  with  half  the 
central  number,  they  make  180. 

Xheie  are,  moreover,  included  four  other  fets  of  circu¬ 
lar  fpaces,  excentric  with  refpedt  to  the  firft,  each  of  thefe 
fets  containing  five  fpaces.  The  centers  of  the  circles 
that  bound  them,  are  at  A,  B,  C,  and  D.  Each  fet,  for 
the  more  eafy  diftinguiflnng  them  from  the  firft,  are  drawn 
with  a  different  colour’d  ink,  red,  blue,  green,  and  yellow*. 

Thefe  fets  of  excentric  circular  {paces  interfedl  thofe  of 
the  concentric,  and  each  other  $  and  yet  the  numbers  con¬ 
tained  in  each  of  the  twenty  excentric  fpaces,  taken  all  a- 
round,  make,  with  the  central  number,  the  fame  fum  as 
thofe  in  each  of  the  8  concentric,  viz.  360,  The  halves, 
alfo  of  thofe  drawn  from  the  centers  A  and  C,  taken  above 
or  below  the  double  horizontal  line,  and  of  thofe  drawn 
from  centers  B  and  D,  taken  to  the  right  or  left  of  the  ver¬ 
tical  line,  do,  with  half  the  central  number,  make  juft  180.’ 

It  may  be  obferved,  that  there  is  not  one  of  the  numbers 
but  what  belongs  at  leaft  to  two  of  the  different  circular 
{paces ,  fome  to  three,  fome  to  four,  fome  to  five  •  and  yet 
tney  are  all  fo  placed  as  never  to  break  the  required  num- 

*  In  tlle  piate  tlie7  are  diftinguifhed  by  dallied  or  dotted  lines,  as  dif¬ 
ferent  as  the  engraver  could  well  make  them. 
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of  the  28  circular  fpaces  within  the  pri- 


mitive  circle. 

Thefe  interwoven  circles  make  fo  perplexed  an  appear- 


ance,  that  it  is  not  eafy  for  the  eye  to  trace  every  circle  of 
numbers  one  would  examine,  through  all  the  maze  of  cir¬ 
cles  interfered  by  it ;  but  if  you  fix  one  foot  of  the  com¬ 
pares  in  either  of  the  centers,  and  extend  the  other  to  any 
number  in  the  circle  you  would  examine  belonging  to  that 
center,  the  moving  foot  will  point  the  others  out,  by  paf- 
fing  round  over  all  the  numbers  of  that  circle  fucceffively. 

I  am>  &c.  B.  F, 


letter  XXIX. 

To  the  fame. 

P^ear  Sir,  Philadelphia,  2 3 >  175 S'* 

AS  you  have  my  former  papers  on  Whirlwinds,  &c, 

I  now  lend  you  an  account  of  one  which  I  had 

lately  an  opportunity  of  feeing  and  examining  inyfelf. 

Being  in  Maryland ,  riding  with  Col.  Pajker,  and  fome 

other  gentlemen  to  his  country-feat,  where  I  and  my  fon 

were  entertained  by  that  amiable  and  worthy  man,  with 

great  hofpitality  and  kindnefs,  we  faw  in  the  vale  below 

us,  a  fmall  whirlwind  beginning  in  the  road,  and  fhewing 

itfelf  by  the  duft  it  raifed  and  contained.  It  appeared  in 

'  the 


'the  form  of  a  fugar-loaf,  fpinning  on  its  point,  moving  up 
the  hill  towards  us,  and  enlarging  as  it  came  forward. 
When  it  palled  by  us,  its  fmaller  part  near  the  ground,  ap¬ 
peared  not  bigger  than  a  common  barrel,  but  widening  up¬ 
wards,  it  feemed,  at  40  or  50  feet  high,  to  be  20  or  30 
feet  in  diameter.  The  reft  of  the  company  flood  looking 
after  it,  but  my  curiofity  being  ftronger,  I  followed  it,  rid¬ 
ing  clofe  by  its  fide,  and  obferved  its  licking  up,  in  its 
progrefs,  all  the  duft  that  was  under  its  fmaller  part.  As 
it  is  a  common  opinion  that  a  fhot,  fired  through  a  water- 
fpout,  will  break  it,  I  tried  to  break  this  little  whirl¬ 
wind,  by  ftriking  my  whip  frequently  through  it,  but 
without  any  effed.  Soon  after,  it  quitted  the  road  and 
took  into  the  woods,  growing  every  moment  larger  and 
ftronger,  railing,  inftead  of  duft,  the  old  dry  leaves  with 
which  the  ground  was  thick  covered,  and  making  a  great 
noife  with  them  and  the  branches  of  the  trees,  bending 
fome  tall  trees  round  in  a  circle  fwiftly  and  very  furpriz- 
ingly,  though  the  progrefiive  motion  of  the  whirl  was  not 
fo  fwift  but  that  a  man  on  foot  might  have  kept  pace  with 
it,  but  the  circular  motion  was  amazingly  rapid.  By  the 
leaves  it  was  now  filled  with,  I  could  plainly  perceive  that 
the  current  of  air  they  were  driven  by,  moved  upwards  in 
a  fpiral  line  5  and  when  I  faw  the  trunks  and  bodies  of 
large  trees  invelop’d  in  the  paffing  whirl,  which  continued 
intire  after  it  had  left  them,  I  no  longer  wondered  that 
my  whip  had  no  effed  on  it  in  Its  fmaller  ftate*  I  accom- 
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paoied  it  about  three  quarters  of  a  mile,  till  fome  limbs  of 

<S 

dead  trees,  broken  off  by  the  whirl,  flying  about,  and 
falling  near  me,  made  me  more  apprehenfive  of  danger  • 
and  then  1  flopped^  looking  at  the  top  of  it  as  it  went  on, 
which  was  vifible,  by  means  of  the  leaves  contained  in  it, 
for  a  very  great  height  above  the  trees.  Many  of  the  leaves, 
as  they  got  loofe  from  the  upper  and  wideft  part,  were  flut¬ 
tered  in  the  wind  ;  but  fo  great  was  their  height  in  the  air, 
that  they  appeared  no  bigger  than  flies.  My  fon,  who 
was,  by  this  time,  come  up  with  me,  followed  the  whirl¬ 
wind  till  it  left  the  woods,  and  croffed  an  old  tobacco-field, 
where,  finding  neither  duft  nor  leaves  to  take  up,  it  gradu¬ 
ally  became  invifible  below  as  it  went  away  over  that  field* 
The  courfe  of  the  general  wind  then  blowing  was  along 
with  us  as  we  travelled,  and  the  progreffive  motion  of  the 
whirlwind  was  in  a  dire&ion  nearly  oppofite,  though  it 
did  not  keep  a  flrait  line,  nor  was  its  progreffive  motion 
uniform,  it  making  little  fallies  on  either  hand  as  it  went, 
proceeding  fometimes  farter,  and  fometimes  flower,  and 
feeming  fometimes  for  a  few  feconds  almoft  ftationary, 
then  ftarting  forwards  pretty  fart  again.  When  we  re¬ 
joined  the  company,  they  were  admiring  the  vaft  height 
of  the  leaves,  now  brought  by  the  common  wind,  over  our 
heads.  Thefe  leaves  accompanied  us  as  we  travelled, 
fome  falling  now  and  then  round  about  us,  and  fome  not 
reaching  the  ground  till  we  had  gone  near  three  miles  from 
the  place  where  we  firft  faw  the  whirlwind  begin.  Upon 

my 


05  y  a  iking  Col.  Tajker  if  fuch  whirlwinds  were  common 
in  Maryland \  he  anfwered  pleafantly,  No,  not  at  all  com¬ 
mon  ;  but  we  got  this  on  purpofe  to  treat  Mr .  Franklin. 
And  a  very  high  treat  it  was,  to 

Dear  Sir , 

Tour  affectionate  friend , 

humble  fervant 

B.  F8 


LETTER  XXX. 

T  O 

John  Pringle,  M.  D.  and  F.R.S. 

SIR ,  Craven-Jtreet ,  Dec.  2i,  1757, 

-  '  * 

IN  compliance  with  your  re  quell,  I  fend  you  the  follow¬ 
ing  account  of  what  I  can  at  prefent  recolledt  relating 
to  the  effe&s  of  eleftricity  in  paralytic  cafes,  which  have 
fallen  under  my  obfervation. 

Some  years  fince,  when  the  news-papers  made  mention 
of  great  cures  performed  in  Italy  and  Germany ,  by  means  of 
eleftricity,  a  number  of  paralytics  were  brought  to  me 
from  different  parts  of  Penfylvania ,  and  the  neighbouring 
provinces,  to  be  ele&rifed,  which  I  did  for  them  at  their 
requeft.  My  method  was,  to  place  the  patient  firft  in  a 

chair. 
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chair,  on  an  electric  ftool,  and  draw  a  number  or  large 
ftrong  fparks  from  all  parts  of  the  affedted  limb^  or  fide. 
Then  I  fully  charged  two  fix-gallon  glafs  jars,  each  of 
which  had  about  three  fquare  feet  of  furface  coated ;  and 
I  fent  the  united  {hock  of  thefe  through  the  affedted  limb 
or  limbs,  repeating  the  ftroke  commonly  three  times  each 
day.  The  firft  thing  obferved,  was  an  immediate  great¬ 
er  fenfible  warmth  in  the  lame  limbs  tnat  had  received  the 
ftroke,  than  in  the  others  *  and  .the  next  morning  the  pa¬ 
tients  ufually  related,  that  they  had  in  the  night  felt  a 
pricking  fenfation  in  the  flefh  of  the  paralytic  limbs ;  and 
would  fometimes  fhew  a  number  of  fmall  red  fpots,  which 
they  fuppofed  were  occafioned  by  thofe  prickings.  The 
limbs,  too,  were  found  more  capable  of  voluntary  motion, 
and  feemed  to  receive  ftrength.  A  man,  for  inftance,  who 
could  not  the  firft  day  lift  the  lame  hand  from  off  his  knee, 
would  the  next  day  raife  it  four  or  five  inches,  the  third 
day  higher  ;  and  on  the  fifth  day  was  able,  but  with  a 
feeble  languid  motion,  to  take  off  his  hat.  Thefe  appear¬ 
ances  gave  great  fpirits  to  the  patients,  and  made  them  hope 
a  perfedt  cure  $  but  I  do  not  remember  that  I  ever  faw  a- 
ny  amendment  after  the  fifth  day  ;  which  the  patients  per¬ 
ceiving,  and  finding  the  (hocks  pretty  fevere,  they  became 
difcouraged,  went  home,  and  in  a  fhort  time  relapfed ; 
fo  that  I  never  knew  any  advantage  from  eledtricity  in 
palfies  that  was  permanent.  And  how  far  the  apparent 

temporary  advantage  might  arife  from  the  exercife  in  the 

patients 


patients  journey,  and  coming  daily  to  my  houfe,  or  from 
the  fpirits  given  by  the  hope  of  fuccefs,  enabling  them  to 
exert  more  ftrength  in  moving  their  limbs,  I  will  not  pre¬ 
tend  to  fay. 

Perhaps  fome  permanent  advantage  might  have  been  ob¬ 
tained,  if  the  eledtric  fhocks  had  been  accompanied  with 
proper  medicine  and  regimen,  under  the  direction  of  a 

fkilful  phyfician,  It  may  be,  too,  that  a  few  great  ftrokes 

*  1 

as  given  in  my  method,  may  not  be  fo  proper  ,  as  many 
fmall  ones ;  fmce,  by  the  account  from  Scotland ,  of  a  cafe, 
in  which  two  hundred  fhocks  from  a  phial  were  given 
daily,  it  feems,  that  a  perfeft  cure  has  been  made.  As  to 
any  uncommon  ftrength  fuppofed  to  be  in  the  machine 
ufed  in  that  cafe,  I  imagine  it  could  have  no  fhare  in  the  ef¬ 
fect  produced  ;  fmce  the  ftrength  of  the  fhock  from 
charged  glafs,  is  in  proportion  to  the  quantity  of  furface 
of  the  glafs  coated  ;  fo  that  my  fhocks  from  thofe  large 
jars,  muft  have  been  much  greater  than  any  that  could  be 
received  from  a  phial  held  in  the  hand. 

»  1 

I  am,  with  great  refped, 

S  I  R, 

,  Your  moft  obedient  Servant, 

B.  F. 


LET- 
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LETTER  XXXI. 

V  -  # 

To  the  fame. 

SIR ,  Craven-Jireet ,  6,  1758. 

I  Return  Mr,  Mitchell's  paper  on  the  ftrata  of  the  earth^ 
with  thanks.  The  reading  of  it,  and  perufal  of  the 
draft  that  accompanies  it,  have  reconciled  me  to  thofe 
convulsions  which  all  naturalifts  agree  this  globe  has  Suf¬ 
fered.  Had  the  different  ftrata  of  clay,  gravel,  marble, 
coals,  lime-ftone,  fand,  minerals,  &c.  continued  to  lie  le¬ 
vel,  one  under  the  other,  as  they  may  be  fuppofed  to  have 
done  before  thofe  convulfions,  we  fhould  have  had  the 
ufe  only  of  a  few  of  the  uppermoft  of  the  ftrata,  the  others 
lying  too  deep  and  too  difficult  to  be  come  at  ;  but  the 
fhell  of  the  earth  being  broke,  and  the  fragments  thrown 
into  this  oblique  polition,  the  disjointed  ends  of  a  great 
number  of  ftrata  of  different  kinds  are  brought  up  to  day, 
and  a  great  variety  of  ufeful  materials  put  into  our  power, 
which  would  otherwife  have  remained  eternally  concealed 
from  us.  So  that  what  has  been  ufually  looked  upon  as  a 
ruin  Suffered  by  this  part  of  the  univerfe,  was,  in  reality, 
only  a  preparation,  or  means  of  rendering  the  earth  more 
fit  for  ufe,  more  capable  of  being  to  mankind  a  conveni¬ 
ent  and  comfortable  habitation. 

I  ami  Sir ,  with  great  ejleem ,  yours>  &c.  B.  F. 

*  See  this  P^per  afterwards  printed  in  the  Philofophical  Tranfaftions . 
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LETTER  XXXII. 

To  Dr.  L.  of  Charles -Town ,  South-Car olma . 

Hear  £/r,  London ,  17,  1758. 

IN  a  former  letter  I  mentioned  the  experiment  for  cool¬ 
ing  bodies  by  evaporation,  and  that  I  had,  by  repeat¬ 
edly  wetting  the  thermometer  with  common  fpirits, 
brought  the  mercury  down  five  or  fix  degrees.  Being 
lately  at  Cambridge ,  and  mentioning  this  in  converfation 
with  Dr.  Hadley ,  profefTor  of  chemiftry  there,  he  propofed 
repeating  the  experiments  with  ether,  inftead  of  common 
fpirits,  as  the  ether  is  much  quicker  in  evaporation.  We 
accordingly  went  to  his  chamber,  where  he  had  both 

ether  and  a  thermometer.  By  dipping  firft  the  ball  of  the 

•  ■  > 

thermometer  into  the  ether,  it  appeared  that  the  ether  was 
precifely  of  the  fame  temperament  with  the  thermometer, 
which  flood  then  at  65  ;  for  it  made  no  alteration  in  the 
height  of  the  little  column  of  mercury.  But  when  the 
thermometer  was  taken  out  of  the  ether,  and  the  ether 
with  which  the  ball  was  wet,  began  to  evaporate,  the  mer¬ 
cury  funk  feveral  degrees.  The  wetting  was  then  repeated 
by  a  feather  that  had  been  dipped  into  the  ether,  when  the 
mercury  funk  ftill  lower.  We  continued  this  operation, 
one  of  us  wetting  the  ball,  and  another  of  the  company 
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blowing  on  it  with  the  bellows,  to  quicken  the  evaporati¬ 
on,  the  mercury  finking  all  the  time,  till  it  came  down  to 
7,  which  is  25  degrees  below  the  freezing  point,  when  we 
left  off. — Soon  after  it  paffed  the  freezing  point,  a  thin  coat 
of  ice  began  to  cover  the  ball;  Whether  this  was  water 
collected  and  conderifcd  by  the  coldnefs  of  the  ball,  from 
the  moifture  in  the  air,  or  from  our  breath  $  or  whether 
the  feather,  when  dipped  into  the  ether,  might  not  feme- 
times  go  through  it,  and  bring  up  fome  of  tne  water  that 
was  under  it,  I  am  not  certain  y  perhaps  all  might  contri¬ 
bute.  The  ice  continued  increafmg  till  we  ended  the 
experiment,  when  it  appeared  near  a  quarter  of  an  inch 
thick  all  over  the  ball,  with  a  number  of  frnall  fpicula, 
pointing  outwards.  From  this  experiment  one  may  fee 
the  poffibility  of  freezing  a  man  to  death  on  a  warm  fum- 
mer’s  day,  if  he  were  to  ftand  in  a  paffage  thro  which 
the  wind  blew  brifldy,  and  to  be  wet  frequently  with  e- 
ther,  a  fpirit  that  is  more  inflammable  than  brandy,  o± 

common  fpirits  of  wine. 

It  is  but  within  thcfe  few  years,  that  the  European  phi- 
lofophers  feem  to  have  known  this  power  in  nature,  of 
cooling  bodies  by  evaporation.  But  in  tne  eaft  they  nave 
long  been  acquainted  with  it.  A  friend  tells  me,  there  is 
a  paffage  in  Bernier’s  travels  through  Indojlan ,  wiitten  near 
one  hundred  years  ago,  that  mentions  it  as  a  pradice  ;  (in- 
travelling  over  dry  defarts  in  that  hot  climate)  to  carry  wa¬ 
ter  in  flalks  wrapt  in  wet  woollen  cloths,  and  hung  on  tne 


fhady  fide  of  the  camel,  or  carriage,  but  in  the  free  air  ; 
whereby,  as  the  cloths  gradually  grow  drier,  the  water  con¬ 
tained  in  the  flafks  is  made  cool.  They  have  likewife  a 
kind  of  earthen  pots,  unglaz'd,  which  let  the  water  gradu¬ 
ally  and  flowly  ooze  through  their  pores,  fo  as  to  keep  the 
outfide  a  little  wet,  notwithftanding  the  continual  evapora¬ 
tion,  which  gives  great  coldnefs  to  the  vefiel,  and  the  wa¬ 
ter  contained  in  it.  Even  our  common  failors  feem  to 
have  had  fome  notion  of  this  property  ;  for  I  remember, 
that  being  at  fea,  when  I  was  a  youth,  I  obferved  one  of 
the  failors,  during  a  calm  in  the  night,  often  wetting  his 
linger  in  his  mouth,  and  then  holding  it  up  in  the  air,  to 
difcover,  as  he  faid,  if  the  air  had  any  motion,  and  from 
which  fide  it  came  ;  and  this  he  expected  to  do,  by  find¬ 
ing  one  fide  of  his  finger  grow  fuddenly  cold,  and  from 
that  fide  he  fhould  look  for  the  next  wind  ;  which  I  then 
laughed  at  as  a  fancy. 

May  not  feveral  phenomena,  hitherto  unconfidered,  or 
unaccounted  for,  be  explained  by  this  property  ?  During 
the  hot  Sunday  at  Philadelphia ,  in  'June  175 o,  when  the 
thermometer  was  up  at  1 00  in  the  fhade,  I  fat  in  my 
chamber  without  exercife,  only  reading  or  writing,  with 
no  other  cloaths  on  than  a  fhirt,  and  a  pair  of  long  linen 
drawers,  the  windows  all  open,  and  a  bride  wind  blowing 
through  the  houfe,  the  fweat  ran  off  the  backs  of  my 
hands,  and  my  fhirt  was  often  fo  wet,  as  to  induce  me  to 
call  for  dry  ones  to  put  on ;  in  this  fituation,  one  might 
-  '  B  b  b  2  have 


t 


V 


/ 


s 


r 


366  Letters  and  Papers 

have  expected,  that  the  natural  heat  of  the  body  96,  added 
to  the  heat  of  the  air  ioo,  fnould  jointly  have  created  or 
produced  a  much  greater  degree  of  heat  in  the  body  ;  but 
the  faft  was,  that  my  body  never  grew  fo  hot  as  the  air  that 
furrounded  it,  or  the  inanimate  bodies  immers’d  in  the  fame 
air.  For  I  remember  well,  that  the  deik,  when  I  laid  my 
arm  upon  it  j  a  chair,  when  I  fat  down  in  it  5  and  a  dry 
fhirt  out  of  the  drawer,  when  I  put  it  on,  all  felt  exceeding 
warm  to  me,  as  if  they  had  been  warmed  before  a  fire. 
And  I  fuppofe  a  dead  body  would  have  acquired  the  tem¬ 
perature  of  the  air,  though  a  living  one,  by  continual 
fweating,  and  by  the  evaporation  of  that  fweat,  was  kept 
cold.— May  not  this  be  a  reafon  why  our  reapers  in  Pen- 
fylvania ,  working  in  the  open  field,  in  the  clear  hot  fun- 
fhine  common  in  our  harveft-time  *,  find  themfelves  well 
able  to  go  through  that  labour,  without  being  much  incom¬ 
moded  by  the  heat,  while  they  continue  to  fweat,  and 
while  they  fupply  matter  for  keeping  up  that  fweat,  by 
drinking  frequently  of  a  thin  evaporaole  liquor,  water 
mixed  with  rum  ;  but  if  the  fweat  flops,  they  drop,  and 
fometimes  die  fuddenly,  if  a  fweating  is  not  again  brought 
on  by  drinking  that  liquor,  or,  as  fome  rather  chufe  in  that 
cafe,  a  kind  of  hot  punch,  made  with  water,  mixed  with 

*  Pen  fylvania  is  in  about  lat.  40,  and  the  fun,  of  courfe,  about  1 2 
degrees  higher,  and  therefore  much  hotter  than  in  England.  Their  har- 
veft  is  about  the  end  of  June,  or  beginning  of  July,  when  the  fun  is 
nearly  at  the  higheft. 


honey. 


honey,  and  a  confiderable  proportion  of  vinegar  ? — May 
there  not  be  in  negroes  a  quicker  evaporation  of  the  perfpi- 
rable  matter  from  their  fkins  and  lungs,  which,  by  cool¬ 
ing  them  more,  enables  them  to  bear  the  fun’s  heat  better 
than  whites  do  ?  (if  that  is  a  fad:,  as  it  is  faid  to  be  ;  for 
the  alledg’d  neceffity  of  having  negroes  rather  than  whites, 
to  work  in  the  Weft-India  fields,  is  founded  upon  it) 
though  the  colour  of  their  fkins  would  otherwife  make 
them  more  fenfible  of  the  fun’s  heat,  fince  black  cloth 
heats  much  fooner,  and  more,  in  the  fun,  than  white  cloth. 
I  am  perfuaded,  from  feveral  inftances  happening  within 
my  knowledge,  that  they  do  not  bear  cold  weather  fo  well 
as  the  whites ;  they  will  perifh  when  expofed  to  a  lels  de¬ 
gree  of  it,  and  are  more  apt  to  have  their  limbs  froft-bitten  ; 
and  may  not  this  be  from  the  fame  caufe  ?  Would  not  the 
earth  grow  much  hotter  under  the  fummer  fun,  if  a  con¬ 
stant  evaporation  from  its  furface,  greater  as  the  fun  fhines 
Stronger,  did  not,  by  tending  to  cool  it,  balance,  in  fome 
degree,  the  warmer  effeds  of  the  fun’s  rays  ?— Is  it  not 
owing  to  the  conftant  evaporation  from  the  furface  of  e~ 
very  leaf,  that  trees,  though  fhone  on  by  the  fun,  are  al¬ 
ways,  even  the  leaves  themfelves,  cool  to  our  fenfe  ?  at  leaft 
much  cooler  than  they  would  otherwife  be  ?~May  it  not 
be  owing  to  this,  that  fanning  ourfelves  when  warm,  does 
really  cool  us,  though  the  air  is  itfelf  warm  that  we  drive 
with  the  fan  upon  our  faces  5  for  the  atmofphere  round, 
and  next  to  our  bodies,  having  imbibed  as  much  of  the 
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perfpired  V&pour  as  it  can  well  contain,  receives  no  more, 
and  the  evaporation  is  therefore  check  d  and  retarded,  till 
\ve  drive  away  that  atmofphere,  and  bring  dryer  air  in  its 
place,  that  will  receive  the  vapour,  and  thereby  facilitate 
and  increafe  the  evaporation  ?  Ccitain  it  is,  that  mere 
blowing  of  air  on  a  dry  body  does  not  cool  it,  as  any  one 
may  fatisfy  himfelf,  by  blowing  with  a  bellows  on  the  dry 
ball  of  a  thermometer;  the  mercury  will  not  fall;  if 
it  moves  at  all,  it  rather  rifes,  as  being  warmed  by  the 
fridion  of  the  air  on  its  furface  ?— To  thefe  queries  of  i- 
magination,  I  will  only  add  one  pradical  obfervation ; 
that  wherever  it  is  thought  proper  to  give  cafe,  in  cafes  of 
painful  inflammation  in  the  flefh,  (as  from  burnings,  or  the 
like)  by  cooling  the  part  ;  linen  cloths,  wet  with  fpirit,  and 
applied  to  the  part  inflamed,  will  produce  the  coolnefs  re¬ 
quired,  better  than  if  wet  with  water,  and  will  continue 
it  longer.  For  water,  though  cold  when  firft  applied,  will 
foon  acquire  warmth  from  the  flefh,  as  it  does  not  evaporate 
faft  enough  •  but  the  cloths  wet  with  fpirit,  will  continue 
cold  as  long  as  any  fpirit  is  left  to  keep  up  the  evaporation, 
the  parts  warmed  efcaping  as  foon  as  they  are  warmed,  and 

carrying  off  the  heat  with  therm 
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J.  B.  Efq;  at  Bofton,  in  New-England.; 

Dear  Sir,  London,  Dec .  2,  1758# 

HAVE  executed  here  an  eafy  fimple  contrivance,  that 
have  long  fince  had  in  fpeculation,  for  keeping  rooms 
warmer  in  cold  weather  than  they  generally  are,  and  with 
lefs  fire.  It  is  this.  The  opening  of  the  chimney  is  con- 
traded,  by  brick-work  faced  with  marble  flabs,  to  about 
two  feet  between  the  jambs,  and  the  bread  brought  down 
to  within  about  three  feet  of  the  hearth. —An  iron  frame  is 
placed  juft  under  the  bread,  and  extending  quite  to  the 
back  of  the  chimney,  fo  that  a  plate  of  the  fame  metal 
may  Aide  horizontally  backwards  and  forwards  in  the 
grooves  on  each  fide  of  the  frame.  This  plate  is  jud  fo 
large  as  to  fill  the  whole  fpace,  and  £hut  the  chimney  en¬ 
tirely  when  thrud  quite  in,  which  is  convenient  when  there 
is  no  fire  ;  drawing  it  out,  fo  as  to  leave  a  fpace  between  its 
farther  edge  and  the  back,  of  about  two  inches  this  fpace 
is  diffident  for  the  fmoke  to  pafs  $  and  fo  large  a  part  of 
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the  funnel  being  ftopt  by  the  reft  of  the  plate,  the  paflage 
of  warm  air  out  of  the  room,  up  the  chimney,  is  obftrudt- 
ed  and  retarded,  and  by  that  means  much  cold  air  is  pre¬ 
vented  from  coming  in  through  crevices,  to  fupply  its 
place.  This  effedt  is  made  manifeft  three  ways.  Firft, 
when  the  fire  burns  brifkly  in  cold  weather,  the  howling 
or  whittling  noife  made  by  the  wind,  as  it  enters  the  room 
through  the  crevices,  when  the  chimney  is  open  as  ufual, 
ceafes  as  foon  as  the  plate  is  Aid  in  to  its  proper  diftance. 
Secondly,  opening  the  door  of  the  room  about  half  an  inch, 
and  holding  your  hand  againft  the  opening,  near  the  top 
of  the  door,  you  feel  the  cold  air  coming  in  againft  your 
hand,  but  weakly,  ft  the  plate  be  in.  Let  another  peifoii 
fuddenly  draw  it  out,  fo  as  to  let  the  air  of  the  room  go  up 
the  chimney,  with  its  ufual  freedom  where  chimneys  are 
open,  and  you  immediately  feel  the  cold  air  ruthing  in 
ftrongly.  Thirdly,  if  fomething  be  fet  againft  the  door, 
juft  fufficient,  when  the  plate  is  in,  to  keep  the  door 
nearly  (hut,  by  refitting  the  preflure  of  the  air  that  would 
force  it  open  :  Then,  when  the  plate  is  drawn  out,  the 
door  will  be  forced  open  by  the  increafed  preffure  of  the 
outward  cold  air  endeavouring  to  get  in  to  fupply  the  place 
of  the  warm  air,  that  now  pafles  out  of  the  room  to  go  up 
the  chimney.  In  our  common  open  chimneys,  half  the 
fuel  is  wafted,  and  its  effedt  loft,  the  air  it  has  warmed  be-  . 
ing  immediately  drawn  off.  Several  of  my  acquaintance 

having  feen  this  fimple  machine  in  my  room,  have  imitated 
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it  at  their  own  houfes,  and  it  feems  likely  to  become  pretty 
common.  I  defcribe  it  thus  particularly  to  you,  becaufe  I 
think  it  would  be  ufeful  in  Bofton ,  where  firing  is  often  dear. 

Mentioning  chimneys  puts  me  in  mind  of  a  property  I 
formerly  had  occafion  to  obferve  in  them,  which  I  have 
not  found  taken  notice  of  by  others it  is,  that  in  the  fa  ai¬ 
mer  time,  when  no  fire  is  made  in  the  chimneys,  there  is, 
neverthelefs,  a  regular  draft  of  air  through  them  5  continu¬ 
ally  paffing  upwards,  from  about  five  or  fix  o'clock  in 
the  afternoon,  till  eight  or  nine  o'clock  the  next  morning, 
when  the  current  begins  to  flacken  and  hefitate  a  little,  for 
about  half  an  hour,  and  then  fets  as  ftrongly  down  again, 
which  it  continues  to  do  till  towards  five  in  the  afternoon, 
then  flackens  and  hefitates  as  before,  going  fometimes  a 
little  up,  then  a  little  down,  till  in  about  half  an  hour  it 
gets  into  a  fteady  upward  current  for  the  night,  which  con¬ 
tinues  till  eight  or  nine  the  next  day ;  the  hours  varying  a 
little  as  the  days  lengthen  and  fhorten,  and  fometimes  va¬ 
rying  from  fudden  changes  in  the  weather  $  as  if,  after  being 
long  warm,  it  fhould  begin  to  grow  cool  about  noon,  while 
the  air  was  coming  down  the  chimney,  the  current  will 
then  change  earlier  than  the  ufual  hour,  &ca 

This  property  in  chimneys  I  imagine  we  might  turn  to 
feme  account,  and  render  improper,  for  the  future,  the  old 
faying,  as  ufelefs  as  a  chimney  in  Jammer.  If  the  opening 
of  the  chimney,  from  the  bread:  down  to  the  hearth,  be 
clofed  by  a  flight  moveable  frame,  or  two  in  the  manner 
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of  doors,  covered  with  canvas,  that  will  let  the  air  through, 
but  keep  out  the  flies ;  and  another  little  frame  fet  within 
upon  the  hearth,  with  hooks  on  which  to  hang  joints  of 
nieat,  fowls,  &c.  wrapt  well  in  wet  linen  cloths,  three  or 
four  fold,  I  am  confident  that  if  the  linen  is  kept  wet,  by 
fprinkling  it  once  a  day,  the  meat  would  be  fo  cooled  by  the 
evaporation,  carried  on  continually  by  means  of  the  paffing 
air,  that  it  would  keep  a  week  or  more  in  the  hotteft  wea¬ 
ther.  Butter  and  milk  might  likewife  be  kept  cool,  in  vef- 
fels  or  bottles  covered  with  wet  cloths.  A  fhallow  tray,  or 
keeler,  fhould  be  under  the  frame  to  receive  any  water  that 
might  drip  from  the  wetted  cloths.  I  think,  too,  that  this 
property  of  chimneys  might,  by  means  of  fmoak-jack  vanes, 
be  applied  to  fome  mechanical  purpofes,  where  a  imall  but 

pretty  conflant  power  only  is  wanted. 

If  you  would  haye  my  opinion  of  the  eaufe  of  this  chan¬ 
ging  current  of  air  in  chimneys,  it  is,  in  fhoit,  as  follows. 
In  fummer  time  there  is  generally  a  great  difference  in  the 
warmth  of  the  air  at  miu-day  and  midnight,  and,  ofcourfe, 
a  difference  of  fpecific  gravity  in  the  air,  as  the  more  it  is 
warmed  the  more  it  is  rarefied.  The  funnel  of  a  chimney 
being  for  the  mod  part  furrounded  by  the  houfe,  is  pro¬ 
tected,  in  a  great  meafure,  from  the  direCt  aCtion  of  the 
fun’s  rays,  and  alfo  from  the  'coldnefs  of  the  night  air.  It 
thence  preferves  a  middle  temperature  between  the  heat  of 
the  day,  and  the  coldnefs  of  the  night.  This  middie  tem¬ 
perature  it  communicates  to  the  air  contained  in  it.  If 
*  -  ~ * .  .  the 


the  ftate  of  the  outward  air  be  cooler  than  that  in  the  fun¬ 
nel  of  the  chimney,  it  will,  by  being  heavier,  force  it  to 
rife,  and  go  out  at  the  top.  What  fupplies  its  place  from 
below,  being  warmed,  in  its  turn,  by  the  warmer  funnel, 
is  likewife  forced  up  by  the  colder  and  weightier  air  below, 
and  fo  the  current  is  continued  till  the  next  day,  when  the 
fun  gradually  changes  the  ftate  of  the  outward  air,  makes 
it  firft  as  warm  as  the  funnel  of  the  chimney  can  make  it, 
(when  the  current  begins  to  hefitate)  and  afterwards  warm¬ 
er.  Then  the  funnel  being  cooler  than  the  air  that  comes 
into  it,  cools  that  air,  makes  it  heavier  than  the  outward 
air$  of  courfe  it  defcends  ;  and  what  fucceeds  it  from  a- 
bove,  being  cool’d  in  its  turn,  the  defcending  current  con¬ 
tinues  till  towards  evening,  when  it  again  hefitates  and 
changes  its  courfe,  from  the  change  of  warmth  in  the 
outward  air,  and  the  nearly  remaining  fame  middle  tem¬ 
perature  in  the  funnel. 

Upon  this  principle,  if  a  houfe  were  built  behind  Beacon - 
hilly  an  adit  carried  from  one  of  the  doors  into  the  hill  ho¬ 
rizontally,  till  it  met  with  a  perpendicular  fhaft  funk  from 
its  top,  it  feems  probable  to  me,  that  thofe  who  lived  in  the 
houfe,  would  conftantly,  in  the  heat  even  of  the  calmeft 
day,  have  as  much  cool  air  palling  through  the  houfe,  as 
they  fhould  chufe ;  and  the  fame,  though  reverfed  in  its 
current,  during  the  ftilleft  night. 

I  think,  too,  this  property  might  be  made  of  ufe  to  mi¬ 
ners  ;  as  where  feveral  ftiafts  or  pits  are  funk  perpendicu- 
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larly  into  the  earth,  communicating  at  bottom  by  horizon¬ 
tal  paflfages,  which  is  a  common  cafe,  if  a  chimney  of  thirty 
or  forty  feet  higii  were  built  over  one  of  the  fhafts,  or  fo 
near  the  {haft,  that  the  chimney  might  communicate  with 
the  top  of  the  fhaft,  all  air  being  excluded  but  what  fhould 
pafs  up  or  down  by  the  fhaft,  a  conftant  change  of  air 
would,  by  this  means,  be  produced  in  the  paffages  below, 
tending  to  fecure  the  workmen  from  thofe  damps  which 
fo  frequently  incommode  them.  For  the  frefh  air  would 
be  almoft  always  going  down  the  open  fhaft,  to  go  up  the 
chimney,  or  down  the  chimney  to  go  up  the  fhaft.  Let 
me  add  one  obfervation  more,  which  is,  That  if  that  part 
of  the  funnel  of  a  chimney,  which  appears  above  the 
roof  of  a  houfe,  be  pretty  long,  and  have  three  of  its  fid es 
expofed  to  the  heat  of  the  fun  fuccefiively,  viz,  when  he  is 
in  the  eaft,  in  the  foutb,  and  in  the  weft  ;  while  the  n^rth 
fide  is  fhekered  by  the  building  from  the  cool  northeiiy 
winds.  Such  a  chimney  will  often  be  fo  heated  by  the 
fun,  as  to  continue  the  draft  ftrongly  upwards,  through  the 
whole  twenty-four  hours,  and  often  for  many  days  toge¬ 
ther,  If  the  outfide  of  fuch  a  chimney  be  painted  black., 
the  e  fifed  will  be  ft  ill  greater,  and  the  current  ftronger. 


I  am,  dear  Sir,  yours, 


B.  F< 
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To  Dr.  H.  at  London. 


SIR,  Craven-Jireet,  June  7,  1759. 

I  NOW  return  the  fmalleft  of  your  two  'Tourmalins,  with 
hearty  thanks  for  your  kind  prefent  of  the  other, 
which,  though  I  value  highly  for  its  rare  and  wonderful 
properties,  I  fhall  ever  efteem  it  more  for  the  friendfhip  I 


am  honoured  with  by  the  giver. 

I  hear  that  the  negative  electricity  of  one  fide  of  the 
Tourmalin,  when  heated,  is  abfolutely  denied,  (and  all  that 
has  been  related  of  it,  afcribed  to  prejudice  in  favour  of  a 
fyftem)  by  fome  ingenious  gentlemen  abroad,  who  profefs 
to  have  made  the  experiments  on  the  hone  with  care  and 
exaCtnefs.  The  experiments  have  fucceeded  differently 
with  me  ;  yet  I  would  not  call  the  accuracy  of  thofe  gen¬ 
tlemen  in  queftion.  Poffibly  the  Tourmalins  they  have 
tried  were  not  properly  cut  ;  fo  that  the  pohtive  and  nega¬ 
tive  powers  were  obliquely  placed,  or  in  fome  manner 
whereby  their  effe&s  were  confufed,  or  the  negative  part 
more  eafily  fupplied  by  the  pohtive.  Perhaps  the  lapida¬ 
ries  who  have  hitherto  cut  thefe  hones,  had  no  regard  to 
the  fituation  of  the  two  powers,  but  chafe  to  make  the  fa¬ 
ces  of  the  hone  where  they  could  obtain  the  greatefl 

breadth,  or  fome  other  advantage  in  the  form.  If  any  of 
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tliefe  {tones,  In  their  natural  flate,  can  be  procured  here,  I 
think  it  would  be  right  to  endeavour  finding,  before  they 
are  cut,  the  two  Tides  that  contain  the  oppofite  powers,  and 
make  the  faces  there.  Poflibly,  in  that  cafe,  the  effeds 
might  be  ftronger,  and  more  diftind  ;  for  though  both 
thefe  ftones  that  I  have  examined  have  evidently  the  two 
properties,  yet?  without  the  full  heat  given  by  boiling  wa¬ 
ter,  they  are  fomewhat  confufed  ;  the  virtue  feems  ftrongefl 
towards  one  end  of  the  face ;  and  in  the  middle,  or  near  the 
other  end,  fcarce  difcernible ;  and  the  negative,  I  think, 
always  weaker  than  the  pofitive. 

I  have  had  the  large  one  new  cut,  fo  as  to  make  both 
iides  alike,  and  find  the  change  of  form  has  made  no 
change  of  power,  but  the  properties  of  each  fide  remain 
the  fame  as  I  found  them  before.  It  is  now  fet  in  a  ring 
in  fuch  a  manner  as  to  turn  on  an  axis,  that  I  may  conve 
niently,  in  making  experiments,  come  at  both  fides  of  the 
done. ’  The  little  rim  of  gold  it  is  fet  in,  has  made  no  al¬ 
teration  in  its  effeds.  The  warmth  of  my  finger,  when  I 
wear  it,  is  fufficient  to  give  it  fome  degree  of  eledricity,  fo 
that  it  is  always  ready  to  attrad  light  bodies. 

The  following  experiments  have  fatisfied  me  that  M. 
JEpinus’s  account  of  the  pofitive  and  negative  ftates  of  the 
oppofite  fides  of  the  heated  Tourmalin,  is  well  founded. 

I  heated  the  large  ftone  in  boiling  water. 

As  foon  as  it  was  dry,  1  brought  it  near  a  very  finall  cork 
ball,  that  was  fufpended  by  a  filk  thread. 


♦* 


The 


The  ball  was  attracted  by  one  face  of  the  ftone,  which  I 
call  A,  and  then  repelled. 

The  ball  in  that  ftate  was  alfo  repelled  by  the  pofitively 
charg'd  wire  of  a  phial,  and  attracted  by  the  other  fide  of 
the  ftone,  B. 

The  ftone  being  a-freflh  heated,  and  the  fide  B  brought 
near  the  ball,  it  was  firft  attracted,  and  prefently  after  re¬ 
pelled  by  that  fide. 

In  this  fecond  ftate  it  was  repelled  by  the  negatively 
charged  wire  of  a  phial. 

Therefore,  if  the  principles  now  generally  received,  rela¬ 
ting  to  pofitive  and  negative  electricity,  are  true,  the  fide  A 
of  the  large  ftone,  when  the  ftone  is  heated  in  water,  is  in 
a  pofitive  ftate  of  electricity  ;  and  the  fide  B,  in  a  negative 
ftate. 

The  fame  experiments  being  made  with  the  fmall  ftone 
ftuck  by  one  edge  on  the  end  of  a  fmall  glafs  tube,  with 
fealing-wax,  the  fame  effects  are  produced.  The  flat  fide 
of  the  fmall  ftone  gives  the  figns  of  pofitive  electricity  ;  the 
high  fide  gives  the  figns  of  negative  electricity. 

Again  ^ 

I  fufpended  the  fmall  ftone  by  a  filk  thread,, 

I  heated  it  as  it  hung,  in  boiling  water. 

I  heated  the  large  one  in  boiling  water. 

Then  I  brought  the  large  ftone  near  to  the  fufpended 
fmall  one. 
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Which  immediately  turned  its  flat  fide  to  the  fide  B  of 
the  large  ftone,  and  would  cling  to  it. 

I  turned  the  ring,  fo  as  to  prefent  the  fide  A  of  the 
large  ftone,  to  the  flat  fide  of  the  fmall  one. 

The  flat  fide  was  repelled,  and  the  fmall  ftone,  turning 
quick,,  applied  its  high  fide  to  the  fide  A  of  the  large  one. 

This  was  precifely  what  ought  to  happen,  on  the  fup- 
pofition  that  the  flat  fide  of  the  fmall  ftone,  when  heated  in 
water,  is  pofitive,  and  the  high  fide  negative  ;  the  fide  A 
of  the  large  ftone  pofitive,  and  the  fide  B  negative. 

The  effedt  was  apparently  the  fame  as  would  have  been 
produced,  if  one  magnet  had  been  fufpended  by  a  thread, 
and  the  different  poles  of  another  brought  alternately  near 

it.  ,  '  .  , 

,  I  find  that  the  face  A,  of  the  large  ftone,  being  coated 

with  leaf-gold,  (attach’d  by  the  white  of  an  egg,  which 
will  bear  dipping  in  hot  water)  becomes  quicker  and 
ftronger  in  its  effedt  on  the  cork-ball,  repelling  it  the  in- 
ftant  it  comes  in  contadfc ;  which  I  fuppofe  to  be  occafi- 
oned  by  the  united  force  of  different  parts  of  the  tace,  col¬ 
lected  and  adting  together  through  the  metal. 

I  am,  &c.  B.  F. 
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LETT  E  R  XXXV. 

'  '  > 

.  w  "  '  y  •  -# 

To  Mr.  P.  F.  in  Newport. 

* 

*  <  -  ^  » 

SIR,  London ,  May  7,  1760. 

******  It  has,  indeed,  as  you  obferve,  been  the 
opinion  of  fome  very  great  naturalifts,  that  the  fea  is  fait 
only  from  the  diffolution  of  mineral  or  rock  fait,  which 
its  waters  happened  to  meet  with.  But  this  opinion 
takes  it  for  granted  that  all  water  was  originally  fre(h, 
of  which  we  can  have  no  proof.  I  own  I  am  inclined 
to  a  different  opinion,  and  rather  think  all  the  water  on 
this  globe  was  originally  fait,  and  that  the  frefh  water  we 
find  in  fprings  and  rivers,  is  the  produce  of  diftillation.  The 
fun  raifes  the  vapours  from  the  fea,  which  form  clouds,  and 
fall  in  rain  upon  the  land,  and  fprings  and  rivers  are  form¬ 
ed  of  that  rain.— -As  to  the  rock-falt  found  in  mines,  I 
conceive,  that  inftead  of  communicating  its  faltnefs  to  the' 
fea,  it  is  itfelf  drawn  from  the  fea,  and  that  of  courfe  the 
fea  is  now  frefher  than  it  was  originally.  This  is  only  a- 
nother  effeft  of  nature’s  diftillery,  and  might  be  performed 
various  ways. 

It  is  evident  from  the  quantities  of  fea-fhells,  and  the 
bones  and  teeth  of  fifhes  found  in  high  lands,  that  the  fea 
has  formerly  covered  them.  Then,  either  the  fea  has  been 
higher  than  it  now  is,  and  has  fallen  away  from  thofe  high 
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lands ;  or  they  have  been  lower  than  they  are,  and  were 
lifted  up  out  of  the  water  to  their  prefent  height,  by  fome 
internal  mighty  force,  fuch  as  we  ftill  feel  fome  remains 
of,  when  whole  continents  are  moved  by  earthquakes. 
In  either  cafe  it  may  be  fuppofed  that  large  hollows,  or 
valleys  among  hills,  might  be  left  filled  with  fea-water, 
which  evaporating,  and  the  fluid  part  drying  away  in  a 
courfe  of  years,  would  leave  the  fait  covering  the  bottom ; 
and  that  fait  coming  afterwards  to  be  covered  with  earth, 
fom  neighbouring  hills,  could  on.y  be  found  by  dig- 
ging  through  that  earth.  Or,  as  we  know  fiom  theii  et- 
fedts,  that  there  are  deep  fiery  caverns  under  the  eartn,  and 
even  under  the  fea,  if  at  any  time  the  fea  leaks  into  any  of 
them,  the  fluid  parts  of  the  water  muft  evaporate  from  that 
heat,  and  pafs  off  through  fome  volcano,  while  the  fait  re¬ 
mains,  and  by  degrees,  and  continual  accretion,  becomes  a 
great  mafs.  '  Thus  the  cavern  may  at  length  be  filled,  and 
the  volcano  connedted  with  it  ceafe  burning,  as  many  it  is 
faid  have  done  ;  and  future  miners  penetrating  fuch  cavern, 

find  what  we  call  a  fait  mine. - This  is  a  fancy  I  had  on 

vifiting  the  falt-mines  at  Northwicb,  with  my  fon.  I  fend 
you  a  piece  of  the  rock-falt  which  he  brought  up  with  him 

out  of  the  mine.  ******  .  < 


J  am ,  Sir,  G?  c. 


B.  F. 
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To  Mr.  Alexander  Small,  London . 

Dear  Sir,  May  12,1760, 

AGreeable  to  your  requeft,  I  fend  you  my  reafons  for 
thinking  that  our  North-Eaft  ftorms  in  A lorth-A* 
merica  begin  firft,  in  point  of  time,  in  the  South-W eft 
parts :  That  is  to  fay,  the  air  in  Georgia ,  the  far  theft  of  our 
colonies  to  the  South-Weft,  begins  to  move  South- Weft- 
erly  befere  the  air  of  Carolina ,  which  is  the  next  colony 
North-Eaft  ward  5  the  air  of  Carolina  has  the  fame  motion 
before  the  air  of  Virginia ,  which  lies  ftill  more  North- 
Eaft  ward  ;  and  fo  on  North-Eafterly  through  Penfylva - 
nia,  New-Tork,  New -England,  &c.  quite  to  Newf  oundland * 
Thefe  North-Eaft  ftorms  are  generally  very  violent 
continue  fometimes  two  or  three  days,  and  often  do  conii- 
derable  damage  in  the  harbours  along  the  coaft.  They  are 
attended  with  thick  clouds  and  rain. 

What  firft  gave  me  this  idea,  was  the  following  circum- 
fiance.  About  twenty  years  ago,  a  few  more  or  lefs,  I 
cannot  from  my  memory  be  certain,  we  were  to  have  an 
eclipfe  of  the  moon  at  Philadelphia ,  on  a  Friday  evening, 
about  nine  o’clock.  I  intended  to  obferve  it,  but  was  pre¬ 
vented  by  a  North-Eaft  ftorm,  which  came  on  about  fe- 
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vers,  with  thick  clouds  as  ufual,  that  quite  obfcured  the 
whole  hemifphere.  Yet  when  the  poll  brought  us  the 
Bojlon  news-paper,  giving  an  account  of  the  effedts  of  the 
fame  ftorm  in  thofe  parts,  I  found  the  beginning  of  the 
eclipfe  had  been  well  obferved  there,  though  Bojlon  lies 
N.  E.  of  Philadelphia  about  400  miles.  This  puzzled 
me,  becaufe  the  ftorm  began  with  us  fo  foon  as  to  prevent 
any  obfervation,  and  being  a  N.  E.  ftorm,  I  imagined  it 
muft  have  began  rather  fooner  in  places  farther  to  the  North 
Eaftward,  than  it  did  at  Philadelphia.  I  therefore  menti¬ 
oned  it  in  a  letter  to  my  brother  who  lived  at  Bojlon  ;  and 
he  informed  me  the  ftorm  did  not  begin  with  them  till 
near  eleven  o’clock,  fo  that  they  had  a  good  obfervation  of 
the  eclipfe  z  Ynd  upon  comparing  all  the  other  accounts  I 
received  from  the  feveral  colonies,  of  the  time  of  begin¬ 
ning  of  the  lame  ftorm,  and  lince  that  of  other  ftorms  of 
the  fame  kind,  I  found  the  beginning  to  be  always  later 
the  farther  North-Eaftward.  I  have  not  my  notes  with  me 
here  in  England ,  and  cannot,  from  memory,  fay  the  pro¬ 
portion  of  time  to  diftance,  but  I  think  it  is  about  an  hour 

to  every  hundred  miles. 

From  thence  I  formed  an  idea  of  the  caufe  of  thefe 
ftorms,  which  I  would  explain  by  a  familiar  inftance  or 

two._ _ Suppose  a  long  canal  of  water  flopp’d  at  the  end 

by  a  gate.  The  water  is  quite  at  reft  till  the  gate  is  open, 
then  it  begins  to  move  out  through  the  gate  j  tne  water 

sext  the  gate  is  frrft  in  motion,  and  moves  towards  the 

gate  5 

t  '  '  '  ,  ' 
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gate  ;  the  water  next  to  that  firft  water  moves  next,  and 
fo  on  fucceffively,  till  the  water  at  the  head  of  the  canal 
is  in  motion,  which  is  laft  of  all.  In  this  cafe  all  the  wa¬ 
ter  moves  indeed  towards  the  gate,  but  the  fucceffive  times 
of  beginning  motion  are  the  contrary  way,  viz.  from  the 
gate  backwards  to  the  head  of  the  canal.  Again,  fuppofe 
the  air  in  a  chamber  at  reft,  no  current  through  the  room 
till  you  make  a  fire  in  the  chimney.  Immediately  the  air 
in  the  chimney  being  rarefied  by  the  fire,  rifes ;  the  air 
next  the  chimney  flows  in  to  fupply  its  place,  moving  to¬ 
wards  the  chimney  5  and,  in  confequence,  the  reft  of  the 

,  \ 

air  fucceffively,  quite  back  to  the  door.  Thus  to  produce 
ourNorth-Eaft  ftorms,  I  fuppofe  fome  great  heat  and  ra-  • 
refa&ion  of  the  air  in  or  about  the  Gulph  of  Mexico ; 
the  air  thence  rifing  has  its  place  fupplied  by  the  next 
more  northern,  cooler,  and  therefore  denfer  and  heavier, 
air  ;  that,  being  in  motion,  is  followed  by  the  next  more 
northern  air,  &c.  &c.  in  a  fucceffive  current,  to  which  cur¬ 
rent  our  coaft  and  inland  ridge  of  mountains  give  the  di¬ 
rection  of  North-Eaft,  as  they  lie  N.  E.  and  S.  W. 

This  I  offer  only  as  an  hypothefis  to  account  for  this  par¬ 
ticular  fact  ;  and,  perhaps,  on  farther  examination,  a  bet¬ 
ter  and  truer  may  be  found.  I  do  not  fuppofe  all  ftorms 
generated  in  the  fame  manner.  Our  North- Weft  thunder- 
gufts  in  America  I  know  are  not ;  but  of  them  I  have 
written  my  opinion  fully  in  a  paper  which  you  have  feen. 

Iam,&c.  B.  F. 

L  E  T-. 
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letter  XXXVII. 


From  Mr.  Kinnersley. 


$  I R,  Philadelphia ,  March  12,  1761. 

HAVING  lately  made  the  following  experiments,  I 
very  chearfully  communicate  them,  in  hopes  of 
giving  you  fome  degree  of  pleafure,  and  exciting  you  to 
further  explore  your  favourite,  but  not  quite  exhaufted  fub- 
jeft,  ELECTRICITY. 

I  placed  myfelf  on  an  eleftric  ftand,  and,  being  well  e- 
leflrifed,  threw  my  hat  to  an  uneledtrifed  perfon,  at  a  con- 
fiderable  diftance,  on  another  ftand,  and  found  that  the  hat 
carried  fome  of  the  electricity  with  it  $  for,  upon  going 
immediately  to  the  perfon  who  received  it,  and  holding  a 
flaxen  thread  near  him,  I  perceived  he  was  eledtrifed  fuffl> 
ciently  to  attradt  the  thread. 

I  then  fufpended,  by  filk,  a  broad  plate  of  metal,  and  e- 
leftrifed  fome  boiling  water  under  it,  at  about  four  feet  dis¬ 
tance,  expecting  that  the  vapour,  which  afcended  plentifully 
to  the  plate,  would,  upon  the  principle  of  the  foregoing 
experiment,  carry  up  fome  of  the  electricity  with  it  ;  but 
v/ as  at  length  fully  convinced,  by  Several  repeated  trials, 
that  it  left  all  its  (hare  thereof  behind.  This  I  know  not 
how  to  account  for  5  but  does  it  not  feem  to  corroborate 

your 
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your  hypothefis,  That  the  vapours  of  which  the  clouds  are 
formed,  leave  their  {hare  of  eledricity  behind,  in  the  com¬ 
mon  flock,  and  afcend  in  the  negative  {late  ? 

I  put  boiling  water  into  a  coated  Florence  dalle,  and 
found  that  the  heat  fo  enlarged  the  pores  of  the  glafs,  that 
it  could  not  be  charged.  The  eledricity  palled  through  as 
readily,  to  all  appearance,  as  through  metal ;  the  charge  of 
a  three  pint  bottle  went  freely  through,  without  injuring 
the  flafk  in  the  lead.  When  it  became  almoft  cold,  I  could 
charge  it  as  ufual.  Would  not  this  experiment  convince 
the  Abbe  Nollet  of  his  egregious  miftake  ?  For  while  the 
eledricity  went  fairly  through  the  glafs,  as  he  contends  it 
always  does,  the  glafs  could  not  be  charged  at  all. 

I  took  a  (lender  piece  of  cedar,  about  eighteen  inches 
long,  fixed  a  brafs  cap  in  the  middle,  thruft  a  pin  hori¬ 
zontally  and  at  right  angles,  through  each  end,  (the  points 
in  contrary  diredions)  and  hung  it,  nicely  ballanc’d,  like 
the  needle  of  a  compafs,  on  a  pin,  about  fix  inches  long, 
fixed  in  the  center  of  an  eledric  {land.  Then,  eledrifing 
the  {land,  I  had  the  pleafure  of  feeing  what  I  expeded  ; 
the  wooden  needle  turned  round,  carrying  the  pins  with 
their  heads  foremoll.  I  then  eledrifed  the  {land  negative¬ 
ly,  expeding  the  needle  to  turn  the  contrary  way,  but  was 
extremely  difappointed,  for  it  went  ftill  the  fame  way  as 
before.  When  the  {land  was  eledrifed  pofitively,  I  fup- 
pofe  that  the  natural  quantity  of  eledricity  in  the  air  being 
increafed  on  one  fide,  by  what  ifiued  from  the  points,  the 
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needle  was  attracted  by  the  lefler  quantity  on  the  other  fide. 
When  eledtrifed  negatively,  I  fuppofe  that  the  natural 
quantity  of  eledtricity  in  the  air  was  diminifhed  near  the 
points ;  in  confequence  whereof,  the  equilibrium  being 
deftroyed,  the  needle  was  attracted  by  the  greater  quan¬ 
tity  on  the  oppofite  fide. 

The  dodtrine  of  repulfion,  in  eledtrifed  bodies,  I  begin 
to  be  fomewhat  doubtful  of.  I  think  all  the  phenomena 
on  which  it  is  founded,  may  be  well  enough  accounted  for 
without  it.  Will  not  cork  balls,  eledtrifed  negatively,  fepa- 
rate  as  far  as  when  eledtrifed  positively  ?  And  may  not 
their  Separation  in  both  cafes  be  accounted  for  upon  the 
fame  principle,  namely,  the  mutual  attradtion  of  the  natu¬ 
ral  quantity  in  the  air,  and  that  which  is  denfer  or  rarer  in 
the  cork  balls  ?  it  being  one  of  the  eftablifhed  laws  of  this 
fluid,  that  quantities  of  different  denfities  fhall  mutually 
attradt  each  other,  in  order  to  reftore  the  equilibrium. 

I  can  fee  no  reafon  to  conclude  that  the  air  has  not  its  fhare 
of  the  common  flock  of  eledtricity,  as  well  as  glafs,  and, 
perhaps,  all  other  eledtrics  per  fe.  For  though  the  air  will 
admit  bodies  to  be  eledtrifed  in  it  either  pofitively  or  ne¬ 
gatively,  and  will  not  readily  carry  off  the  redundancy  in 
the  one  cafe,  or  Supply  the  deficiency  in  the  other,  yet  let 
a  perfon  in  the  negative  ftate,  out  of  doors  in  the  dark, 
when  the  air  is  dry,  hold,  with  his  arm  extended,  a  long 
Sharp  needle,  pointing  upwards,  and  he  will  Soon  be  con¬ 
vinced  that  eledtricity  may  be  drawn  out  of  the  air  not 
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Very  plentifully,  for,  being  a  bad  condudtor,  it  feetns  loth 
to  part  with  it,  but  yet  fome  will  evidently  be  colledted. 
The  air  near  the  perfon ’s  body  having  lefs  than  its  natural 
quantity,  will  have  none  to  fpare ;  but,  his  arm  being  ex¬ 
tended,  as  above,  fome  will  be  collected  from  the  remoter 
air,  and  will  appear  luminous,  as  it  converges  to  the  point  of 
the  needle. 

Let  a  perfon  eledtrifed  negatively  prefent  the  point  of  a 
needle,  horizontally,  to  a  cork  ball,  fufpended  by  filk,  and 
the  ball  will  be  attracted  towards  the  point,  till  it  has  parted 
with  fo  much  of  its  natural  quantity  of  eledtricity  as  to  be 
in  the  negative  ftate  in  the  fame  degree  with  the  perfon 
who  holds  the  needle  then  it  will  recede  from  the  point, 
being,  as  I  fuppofe,  attracted  the  contrary  way  by  the  e-  ' 
ledlricity  of  greater  denfity  in  the  air  behind  it.  But,  as 
this  opinion  feems  to  deviate  from  eledtrical  orthodoxy,  I 
fhould  be  glad  to  fee  thefe  phenomena  better  accounted 
for  by  your  fuperior  and  more  penetrating  genius. 

Whether  the  eledtricity  in  the  air,  in  clear  dry  weather, 
be  of  the  fame  denfity  at  the  height  of  two  or  three  hun- 

,  '  -  I  "  »  X 

dred  yards,  as  near  the  furface  of  the  earth,  may  be  fatisfac- 
torily  determined  by  your  old  experiment  of  the  kite.  The 
twine  fnould  have,  throughout,  a  very  fmall  wire  in  it,  and 
the  ends  of  the  wire,  where  the  feveral  lengths  are  united, 
ought  to  be  tied  down  with  a  waxed  thread,  to  prevent 
their  adting  in  the  manner  of  points.  I  have  tried  the  ex¬ 
periment  twice,  when  the  air  was  as  dry  as  we  ever  have 
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it.  and  fo  clear  that  not  a  cloud  could  be  feen,  and  found 

/  s 

the  twine  each  time  in  a  fmall  degree  eledrifed  polkively. 
The  kite  had  three  metalline  points  fixed  to  it ;  one  on. 
the  top,  and  one  on  each  fide.  That  the  twine  was  elec- 
trifed,  appeared  by  the  feparating  of  twro  fmall  cork  balls, 
fufpended  on  the  twine  by  fine  flaxen  threads,  juft  above 
where  the  filk  was  tied  to  it,  and  fheltered  from  the  wind. 

i 

That  the  twine  was  eledrifed  pofitively,  was  proved,  by 
applying  to  it  the  wire  of  a  charged  bottle,  which  caufed 
the  balls  to  feparate  further,  without  firft  coming  nearer 
together.  This  experiment  flhewed  that  the  eledricity  in 
the  air,  at  thofe  times,  was  denfer  above  than  below. 
But  that  cannot  be  always  the  cafe  5  for  you  know  we 
have  frequently  found  the  thunder  clouds  in  the  negative 
ftate,.  at  trading  eledricity  from  the  earth  $  which  ftate,  it 
is  probable,  they  are  always  in  when  firft  formed,  and  till 
they  have  received  a  fufficient  fupply.  How  they  come 
afterwards,  towards  the  latter  end  of  the  guft,  to  be  in  the 
poiitive  ftate,  which  is  fometimes  the  cafe,  is  a  fubjed  for 
further  enquiry.. 

After  the  above  experiments  with  the  wooden  needle,  I 
formed  a  crofs,  of  two  pieces  of  wood,  of  equal  length, 
interfeding  each  other  at  right  angles  in  the  middle,  hung 
it  horizontally  upon  a  central  pin,  and  fet  a  light  horfe, 
with  his  rider,  upon  each  extremity ;  whereupon,  the 
whole  being  nicely  balanced,  and  each  courfer  urged  on  by 
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an  ele&rifed  point  inftead  of  a  pair  of  fpurs,  I  was  enter¬ 
tained  with  an  electrical  horfe-race. 

f  •  .  .  .  .  ....  ♦  •  -  s'  •" v  •"  1 

I  have  contrived  an  eledlrical  air  thermometer,  and  made 
feverai  experiments  with  it,  that  have  afforded  me  much 
fatisfadtion  and  pleafure.  It  is  extremely  fenfible  of  any 
alteration  in  the  ffate  of  the  included  air,  and  fully  deter¬ 
mines  that  controverted  point,  Whether  there  be  any  heat 
in  the  eledtric  fire  ?  By  the  enclofed  draught,  and  the 
following  defcription,  you  will  readily  apprehend  the  con- 
flrudtion  of  it. 

A  B  is  a  glafs  tube,  about  eleven  inches  long,  and  one 
inch  diameter  in  the  bore.  It  has  a  brafs  feril,  cemented 
on  each  end,  with  a  top  and  bottom  part,  C  and  D,  to  be 
fcrewed  on,  air-tight,  and  taken  off  at  pleafure.  In  the 
center  of  the  bottom  part  D,  is  a  male  fcrew,  which  goes 
into  a  brafs  nut,  in  the  mahogany  pedeflal  E.  The  wires 
F  and  G,  are  for  the  eledtric  fire  to  pafs  through,  darting 
from  one  to  the  other.  The  wire  G  extends  through  the 
pedeftal  to  H,  and  may  be  raifed  and  lowered  by  means  of 
a  male  fcrew  on  it.  The  wire  F  may  be  taken  out,  and 
the  hook  I  be  fcrewed  into  its  place.  K  is  a  glafs  tube, 
with  a  fmall  bore,  open  at  both  ends,  cemented  in  the  brafs 
tube  L,  which  fcrews  into  the  top  part  C.  The  lower 
end  of  the  tube  K  is  immerfed  in  water,  coloured  with  co¬ 
chineal,  at  the  bottom  of  the  tube  A  B.  (I  ufed,  at  firft, 
coloured  fpirits  of  wine,  but  in  one  experiment  I  made,  it 
took  fire.)  On  the  top  of  the  tube  K  is  cemented,  for  or- 
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nament,  abrafs  feril,  with  a  head  fcrewed  on  it,  which  has 
a  fmall  air-hole  through  its  fide,  at  a.  The  wire  b>  is  a 
fmall  round  fpring,  that  embraces  the  tube  K,  fo  as  to  flay 
wherever  it  is  placed.  The  weight  M  is  to  keep  ftrait 
whatever  may  be  fufpended  in  the  tube  A  B,  on  the  hook 
I.  Air  muft  be  blown  through  the  tube  K,  into  the  tube 
A  B,  till  enough  is  intruded  to  raife,  by  its  elaftic  force,  a 
column  of  the  coloured  water  in  the  tube  K,  up  to  c,  or 
thereabouts  ;  and  then,  the  gage-wire  b,  being  llipt  down 
to  the  top  of  the  column,  the  thermometer  is  ready  for 
ufe. 

I  fet  the  thermometer  on  an  eledric  ftand,  with  the 
chain  N  fixed  to  the  prime  condudoi^  and  kept  it  well  e- 
ledrifed  a  confiderable  time  ;  but  this  produced  no  fen- 
fible  effed  •,  which  {hews,  that  the  eledric  fire,  when  in  a 
ftate  of  reft,  has  no  more  heat  than  the  air,  and  other 
matter  wherein  it  refides. 

When  the  wires  F  and  G  are  in  contad,  a  large  charge 
of  eledricity  fent  through  them,  even  that  of  my  cafe  of 
five  and  thirty  bottles,  containing  above  thirty  fquare  feet 
of  coated  glafs,  will  produce  no  rarefadion  of  the  air  in¬ 
cluded  in  the  tube  A  B ;  which  {hews  that  the  wires  are 
4iot  heated  by  the  fire’s  paffing  through  them. 

When  the  wires  are  about  two  inches  apart,  the  charge 
of  a  three  pint  bottle,  darting  from  one  to  the  other,  ra¬ 
refies  the  air  very  evidently  $  which  {hews,  I  think,  that 
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the  ele&ric  fire  muft  produce  heat  in  itfelf,  as  well  as  in 
the  air,  by  its  rapid  motion. 

The  charge  of  one  of  my  glafs  jars,  ( which  will  contain 
about  five  gallons  and  a  half,  wine  meafure)  darting  from 
wire  to  wire,  will,  by  the  difturbance  it  gives  the  air,  re¬ 
pelling  it  in  all  directions,  raife  the  column  in  the  tube  K, 
up  to  d)  or  thereabouts  ;  and  the  charge  of  the  above- 
mentioned  cafe  of  bottles  will  raife.  it  to  the  top  of  the 
tube.  Upon  the  air's  eoalefcing,  the  column,  by  its  gra¬ 
vity,  inftantly  fubfides,  till*  it  is  in  equilibrio  with  the  rare¬ 
fied  air  ;  it  then  gradually  defcends,  as  the  air  cools,  and 
fettles  where  it  flood  before.  By  carefully  obferving  at 
what  height  above  the  gage-wire  b ,  the  defeending  co¬ 
lumn  firft  flops,  the  degree  of  rarefadtion  is  difcovered, 
which,  in  great  explofions,  is  very  confiderable. 

I  hung  in  the  thermometer,  fucceffively,  a  ftrip  of  wet 
writing  paper,  a  wet  flaxen  and  woolen  thread,  a  blade  of 
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green  grafs,  a  filament  of  green  wood,  a  fine  filver  thread, 
a  very  final!  brafs  wire,  and  a  ftrip  of  gilt  paper ;  and  found 
that  the  charge  of  the  above-mentioned  glafs  jar,  paffing 
through  each  of  thefe,  efpecially  the  laft,  produced  heat 
enough  to  rarefy  the  air  very  perceptibly. 

I  then  fufpended,  out  of  the  thermometer,  a  piece  of 
fmall  harpfichord  wire,  about  twenty-four' inches  long, 
with  a  pound  weight  at  the  lower  end,  and  fent  the  charge 
of  the  cafe  of  five  and  thirty  bottles  through  it,  whereby 
I  difeovered  a  new  method  of  wire-drawing.  The  wire 
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was  red  hot  the  whole  length,  well  annealed,  and  above  an 
inch  longer  than  before.  A  fecond  charge  melted  it  ; 
it  parted  near  the  middle,  and  meafbred,  when  the  ends 
were  put  together,  four  inches  longer  than  at  firft.  This 
experiment,  I  remember,  you  propofed  to  me  before  you 
left  Philadelphia ;  but  I  never  tried  it  till  now.  That  I 
might  have  no  doubt  of  the  wire’s  being  hot  as  well  as  red, 
I  repeated  the  experiment  on  another  piece  of  the  fame 
wire,  encompaffed  with  a  goofe-quill,  filled  with  loofb 
grains  of  gun-powder ;  which  took  fire  as  readily  as  if  it 
had  been  touched  with  a  red  hot  poker.  Alfo  tinder,  tied 
to  another  piece  of  the  wire,  kindled  by  it.  I  tried  a  wire 
about  three  times  as  big,  but  could  produce  no  fuch  effects 
with  that. 

Hence  it  appears  that  the  eledtric  fire,  though  it  has  no 
fenfible  heat  when  in  a  ftate  of  reft,  will,  by  its  violent 
motion,  and  the  refiftance  it  meets  with,  produce  heat  in 
other  bodies  when  paffing  through  them,  provided  they 
be  fmall  enough.  A  large  quantity  will  pals  through  a 
large  wire,  without  producing  any  fenfible  heat  ^  when  the 
fame  quantity  paffing  through  a  very  finali  one,  being 
there  confined  to  a  narrower  paflfage,  the  particles  crowd¬ 
ing  clofer  together,  and  meeting  with  greater  refiftance, 
will  make  it  red  hot,  and  even  melt  it. 

Hence  lightning  does  not  melt  metal  by  a  cold  fufion,  as 
we  formerly  luppofed;  but,  when  it  paftes  through  the 

blade  of  a  fword,  if  the  quantity  be  not  very  great,  it  may 
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heat  the  point  fo  as  to  melt  it,  while  the  broadeft  and  thick- 
eft  part  may  not  be  fenfibly  warmer  than  before. 

And  when  trees  or  houfes  are  fet  on  fire  by  the  dread¬ 
ful  quantity  which  a  cloud,  or  the  earth,  fometimes  difchar- 
ges,  muft  not  the  heat,  by  which  the  wood  is  firft  kindled, 
be  generated  by  the  lightning’s  violent  motion,  through 
the  refilling  combuftible  matter  ? 

If  lightning,  by  its  rapid  motion,  produces  heat  in  itfelj\ 
as  well  as  in  other  bodies,  (and  that  it  does  I  think  is  evi¬ 
dent  from  fome  of  the  foregoing  experiments  made  with 
the  thermometer)  then  its  fometimes  fingeiog  the  hair  of 
animals  killed  by  it,  may  eafiiy  be  accounted  for.  And 
the  reafon  of  its  not  always  doing  fo,  may,  perhaps,  be  this ; 
The  quantity,  though  fufficient  to  kill  a  large  animal,  may 
fometimes  not  be  great  enough,  or  not  have  met  with  re- 
fiftance  enough,  to  become,  by  its  motion,  burning  hot. 

We  find  that  dwelling-houfes,  ftruck  with  lightning, 
are  feldom  fet  on  fire  by  it  5  but  when  it  pafles  through 
barns,  with  hay  or  ftraw  in  them,  or  ftore- houfes,  contain¬ 
ing  large  quantities  of  hemp,  or  fuch  like  matter,  they  fel¬ 
dom,  if  ever,  efcape  a  conflagration  5  which  may,  perhaps,, 
be  owing  to  fuch  combuftibles  being  apt  to  kindle  with  a 
lefs  degree  of  heat  than  is  neceffary  to  kindle  wood. 

We  had  four  houfes  in  this  city,  and  a  veflel  at  one  of 
the  wharfs,  ftruck  and  damaged  by  lightning  laft  fummer* 
One  of  the  houfes  was  ftruck  twice  in  the  fame  ftorm. 
But  I  have  the  pleafure  to  inform  you,  that  your  method 
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of  preventing  fuch  terrible  difafters,  has?  by  a  fadt  which 
had  like  to  have  efcaped  our  knowledge,  given  a  very  con¬ 
vincing  proof  of  its  great  utility,  and  is  now  in  higher  re¬ 
pute  with  us  than  ever. 

Hearing,  a  few  days  ago,  that  Mr.  William  Weft ,  mer¬ 
chant  in  this  city,  fufpedted  that  the  lightning  in  one  of 
the  thunder-ftorms  laft  fummer,  had  paffed  through  the  i- 
ron  condudtor  which  he  had  provided  for  the  fecurity  of 
his  houfe  ;  I  waited  on  him,  to  enquire  what  ground  he 
might  have  for  fuch  fufpicion.  Mr.  Weft  informed  me, 
that  his  family  and  neighbours  were  all  dunned  with  a 
very  terrible  explolxon,  and  that  the  flafh  and  crack  were 
feen  and  heard  at  the  fame  inftant.  Whence  he  conclud¬ 
ed,  that  the  lightning  muft  have  been  very  near,  and,  as  no 
houfe  in  the  neighbourhood  had  fuffered  by  it,  that  it  mull 
have  palled  through  his  condudtor.  Mr.  White ,  his  clerk* 
told  me  that  he  was  fitting,  at  the  time,  by  a  window,  a~ 
bout  two  feet  diftant  from  the  condudtor,  leaning  againft 
the  brick  wall  with  which  it  was  in  contadt  ;  and  that  he 
felt  a  fmart  fenfation,  like  an  eledtrick  fhock,  in  that  part 
of  his  body  which  touched  the  wall.  Mr.  Weft  further 
informed  me,  that  a  perfon  of  undoubted  veracity  adored 
him,  that,  being  in  the  door  of  an  oppofite  houfe,  on  the 
other  fide  of  Water  ftreet ,  (which  you  know  is  but  nar- 
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row)  he  favv  the  lightning  diffufed  over  the  pavement, 
which  was  then  very  wet  with  rain,  to  the  distance  of  two 

•or  three  yards  from  the  foot  of  the  condudtor  $  and  that 
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another  perfon  of  very  good  credit  told  him,  that  he  being 
a  few  doors  off  on  the  other  fide  of  the  ftreet,  faw  the 
lightning  above,  darting  in  fach  direction  that  it  appeared 
to  him  to  be  directly  over  that  pointed  rod. 

Upon  receiving  this  information,  and  being  defirous  of 
farther  fatisfadion,  there  being  no  traces  of  the  lightning 
to  be  difcovered  in  the  condudor,  as  far  as  we  could  exa- 
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mine  it  below,  I  propofed  to  Mr.  Weft  our  going  to  the  top 
of  the  houfe,  to  examine  the  pointed  rod,  alluring  him, 
that  if  the  lightning  had  palled  through  it,  the  point  mnft 
have  been  melted  ;  and,  to  our  great  fatisfadion,  we  found 
it  fo.  This  iron  rod  extended  in  height  about  nine  feet 
and  a  half  above  a  flack  of  chimneys  to  which  it  was  fixed, 
(though  I  fuppofe  three  or  four  feet  would  have  been  fuf- 
ficient.)  It  was  fomewhat  more  than  half  an  inch  diame¬ 
ter  in  the  thick  eft  part,  and  tapering  to  the  upper  end.  The 
condudor,  from  the  lower  end  of  it  to  the  earth,  conlifted 
of  f  qua  re  iron  nail-rods,  not  much  above  a  quarter  of  an 
inch  thick,  conneded  together  by  interlinking  joints.  It 
extended  down  the  cedar  roof  to  the  eaves,  and  from 
thence  down  the  wall  of  the  houfe,  four  ftory  and  a  half, 
to  the  pavement  in  Water -flreet,  being  faftened  to  the  wall, 
in  feveral  places,  by  fmall  iron  hooks.  The  lower  end  was 
fixed  to  a  ring,  in  the  top  of  an  iron  flake  that  was  drove 
about  four  or  five  feet  into  the  ground. 

The  above-mentioned  iron  rod  had  a  hole  in  the  top  of 
it,  about  two  inches  deep,  wherein  was  inferted  a  brafs 
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wire,  about  two  lines  thick,  and,  when  firft  put  there,  a- 
bout  ten  inches  long,  terminating  in  a  very  acute  point ; 
but  now  its  whole  length  was  no  more  than  feven  inches 
and  a  half,  and  the  top  very  blunt.,  Some  of  the  metal 
appears  to  be  miffing,  the  flendereft  part  of  the  wire  be¬ 
ing,  as  I  fufped,  confumed  into  fmoke.  But  fome  of  it, 
where  the  wire  was  a  little  thicker,  being  only  melted  by 
the  lightning,  funk  down,  while  in  a  fluid  ftate,  and  form¬ 
ed  a  rough  irregular  cap,  lower  on  one  fide  than  the  other, 
round  the  upper  end  of  what  remained,  and  became  inti¬ 
mately  united  therewith. 

This  was  all  the  damage  that  Mr.  Weft  fuftained  by  a 
terrible  ftroke  of  lightning ; — a  moft  convincing  proof  of 
the  great  utility  of  this  method  of  preventing  its  dreadful 
effects.  Surely  it  will  now  be  thought  as  expedient  to  pro¬ 
vide  conductors  for  the  lightning,  as  for  the  rain. 

Mr.  Weft  was  fo  good  as  to  make  me  a  prefent  of  the 
melted  wire,  which  I  keep  as  a  great  curiofity,  and  long 
for  the  pleafure  of  (hewing  it  to  you.  In  the  mean  time, 
I  beg  your  acceptance  of  the  beft  reprefentation  I  can  give 
of  it,  which  you  will  find  by  the  fide  of  the  thermometer, 
drawn  in  its  full  dimenfions  as  it  now  appears.  The  dotted 
lines  above  are  intended  to  fhew  the  form  of  the  wire  be¬ 
fore  the  lightning  melted  it. 

And  now.  Sir,  I  moft  heartily  congratulate  you  on  the 
pleafure  you  muft  have  in  finding  your  great  and  well- 
grounded  expectations  fo  far  fulfilled.  May  this  method 
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of  fecurity  from  the  deftrudtive  violence  of  one  of  the  moft 
awful  powers  of  nature,  meet  with  fuch  further  fuccefs,  as 
to  induce  every  good  and  grateful  heart  to  blefs  God  for 
the  important  difcovery  !  May  the  benefit  thereof  be  dif- 
fufed  over  the  whole  globe !  May  it  extend  to  the  lateft 
pofterity  of  mankind,  and  make  the  name  of  FRA  N  K~ 
LIN ,  like  that  of  NEWTON,  immortal . 

I  am,  Sir,  with  fincere  refpeft, 

Your  moft  obedient  and  moft  humble  fervant, 

j  ;  \  -  \  ^  -•  "v  1  -j  ^  *'  S  C  v  r  v  >  1/  ^  ^  ^  ^  * 

EBEN.  KINNERSLEY. 
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LETTER  XXXVIII. 

To  Mr.  Kinnersley,  in  anfwer  to  the  foregoing. 

,  .  -  ...  ) 
^  <  *  ,  •  •  >  <  ■  ,  k  ^ 
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SIR ,  London,  Feb .  20,  1762. 

f  '  A 

I  Received  your  ingenious  letter  of  the  1 2th  of  Mrn:/& 
laft,  and  thank  you  cordially  for  the  account  you  give 
me  of  the  new  experiments  you  have  lately  made  in  Elec- 
tricity.— It  is  a  fubjed  that  ftill  affords  me  pleafure,  though 
of  late  I  have  not  much  attended  to  it. 

Your  fecond  experiment,  in  which  you  attempted,  with¬ 
out  fuccefs,  to  communicate  pofitive  electricity  by  vapour 

F  f  f  2  -  afcending 


I 


Letters  and  Papers 


afcending  from  eledrifed  water,  reminds  me  of  one  I  for 
merly  made,  ta  try  if  negative  electricity  might  be  produ¬ 
ced  by  evaporation  only.  I  placed  a  large  heated  brafs 
plate,  containing  four  or  five  fquare  feet,  on  an  eledric 
(land  ;  a  rod  of  metal,  about  four  feet  long,  with  a  bullet 
at  its  end,  extended  from  the  plate  horizontally.  A  light 
lock  of  cotton,  fufpended  by  a  fine  thread  from  the  del¬ 
ing,  hung  oppofite  to,  and  within  an  inch  of  the  bullet.  I 
then  fprinkled  the  heated  plate  with  water,  which  arofe 
faff  from  it  in  vapour.  If  vapour  fhould  be  difpofed  to 
carry  off*  the  eledrical,  as  it  does  the  common  fire  from 
bodies,  I  expeded  the  plate  would,  by  lofing  fome  of  its 
natural  quantity,  become  negatively  eledrifed.  But  I 
could  not  perceive,  by  any  motion  in  the  cotton,  that  it 
was  at  all  affeded ;  nor  by  any  feparation  of  fmall  cork- 
balls  fufpended  from  the  plate,  could  it  be  obferved  that 
the  plate  was  in  any  manner  eledrified.  Mr.  Canton  here 
has  alfo  found,  that  two  tea-cups,  fet  on  eledric  (lands, 
and  filled,  one  with  boiling,  the  other  with  cold  water, 
and  equally  eledrified,  continued  equally  fo,  notwithftand- 
ing  the  plentiful  evaporation  from  the  hot  water.  Your 
experiment  and  his  agreeing,  (how  another  remarkable 
difference  between  eledric  and  common  fire.  For  the 
latter  quits  mod  readily  the  body  that  contains  it,  where  ' 
water,  or  any  other  fluid,  is  evaporating  from  the  furface 
of  that  body,  and  efcapes  with  the  vapour.-  Hence  the 
method  long  in  ufe  in  the  eaft,  of  cooling  liquors,  by 
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wrapping  the  bottles  round  with  a  wet  cloth,  and  expof- 
ing  them  to  the  wind.  Dr.  Cullen ,  of  Edinburgh,  has 
given  fome  experiments  of  cooling  by  evaporation  ;  and 
I  was  prefent  at  one  made  by  Dr.  Hadley ,  then  profeffor 
of  chemiftry  at  Cambridge,  when,  by  repeatedly  wetting 
the  ball  of  a  thermometer  with  fpirit,  and  quickening  the 
evaporation  by  the  blaft  of  a  bellows,  the  mercury  fell 
from  65,  the  ftate  of  warmth  in  the  common  air,  to  7, 
which  is  22  degrees  below  freezing  ;  and,  accordingly, 
from  fome  water  mixed  with  the  fpirit,  or  from  the  breath 
of  the  affiftants,  or  both,  ice  gathered  in  fmall  fpicula 
round  the  ball,  to  the  thieknefs  of  near  a  quarter  of  an  inch. 
To  fuch  a  degree  did  the  mercury  lofe  the  fire  it  before 
contained,  which,  as  I  imagine,  took  the  opportunity  of 
efcaping,  in  company  with  the  evaporating  particles  of  the 
fpirit,  by  adhering  to  thofe  particles. 

Your  experiment  of  the  Florence  flafk,  and  boiling  wa¬ 
ter,  is  vsrry  curious.  I  have  repeated  it,  and  found  it  to  fuc- 
ceed  as  you  defcribe  it,  in  two  flalks  out  of  three.  The 
third  would  not  charge  when  filled  with  either  hot  or  cold 
water.  I  repeated  it,  becaufe  I  remembered  I  had  once 
attempted  to  make  an  eledtric  bottle  of  a  Florence  flafk, 
filled  with  cold  water,  but  could  not  charge  it  at  all ; 
which  I  then  imputed  to  fome  imperceptible  cracks  in 
the  fmall,  extremely  thin  bubbles,  of  which  that  glafs  is 
full,  and  I  concluded  none  of  that  kind  would  do.  But 
you  have  fhewn  me  my  miftake.— Mr.  Wilfon  had  for¬ 
merly 
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merly  acquainted  us,  that  red  hot  glafs  would  condudt  e- 
ledtricity  ;  but  that  fo  fmall  a  degree  of  heat  as  that  com¬ 
municated  by  boiling  water,  would  fo  open  the  pores  of 
extremely  thin  glafs,  as  to  fuffer  the  eledtric  fluid  freely  to 
pafs,  was  not  before  known.  Some  experiments  fimilar 
to  yours,  have,  however,  been  made  here,  before  the  re¬ 
ceipt  of  your  letter,  of  which  I  fhall  now  give  you  an  ac¬ 
count. 

I  formerly  had  an  opinion  that  a  Leyden  bottle,  charg’d 
and  then  feal’d  hermetically,  might  retain  its  eledtricity 
for  ever ;  but  having  afterwards  fome  fufpicion  that  pof- 
fibly  that  fubtil  fluid  might,  by  flow  imperceptible  de¬ 
grees,  foak  through  the  glafs,  and  in  time  efcape,  I  re- 
quefted  fome  of  my  friends,  who  had  conveniences  for 
doing  it,  to  make  trial,  whether,  after  fome  months,  the 
charge  of  a  bottle  fo  fealed  would  be  fenfibly  diminifhed. 
Being  at  Birmingham ,  in  September  1760,  Mr.  Bolton  of 
that  place  opened  a  bottle  that  had  been  charged,  tnd  its 
long  tube  neck  hermetically  fealed  in  the  January  prece¬ 
ding.  On  breaking  off  the  end  of  the  neck,  and  introdu¬ 
cing  a  wire  into  it,  we  found  it  poflefled  of  a  confiderable 
quantity  of  eledtricity,  which  was  difcharged  by  a  fnap 
and  fpark.  This  bottle  had  lain  near  feven  months  on  a 
fhelf,  in  a  clofet,  in  contadt  with  bodies  that  would  un¬ 
doubtedly  have  carried  off  all  its  eledtricity,  if  it  could  have 
come  readily  through  the  glafs.  Yet  as  the  quantity  ma- 
nifefted  by  the  difcharge  was  not  apparently  fo  great  as 
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might  have  been  expected  from  a  bottle  of  that  fize  well 
charged,  fome  doubt  remained  whether  part  had  efcaped 
while  the  neck  was  fealing,  or  had  fince,  by  degrees,  foaked 
through  the  glafs.  But  an  experiment  of  Mr.  Canton's, 
in  which  fuch  a  bottle  was  kept  under  water  a  week,  with¬ 
out  having  its  eledtricity  in  the  leaft  impaired,  feems  to 
fhow,  that  when  the  glafs  is  cold,  though  extremely  thin, 
the  eledtric  fluid  is  well  retained  by  it.  As  that  ingenious 
and  accurate  experimenter  made  a  difcovery,  like  yours,  of 
the  eflfedt  of  heat  in  rendering  thin  glafs  permeable  by  that 
fluid,  it  is  but  doing  him  juftice  to  give  you  his  account 
of  it,  in  his  own  words,  extradted  from  his  letter  to  me, 
in  which  he  communicated  it,  dated  Off.  31,  1760,  viz. 

“  Having  procured  fome  thin  glafs  balls,  of  about  an 
inch  and  a  half  in  diameter,  with  items,  or  tubes,  of  eight 
or  nine  inches  in  length,  I  eledtrified  them,  fome  pofitively 
on  the  infide,  and  others  negatively,  after  the  manner  of 
charging  the  Leyden  bottle,  and  fealed  them  hermetically. 
Soon  after  I  applied  the  naked  balls  to  my  eledtrometer, 
and  could  not  difcover  the  leaft  fign  of  their  being  eledtri- 
cal ;  but  holding  them  before  the  fire,  at  the  diflance  of 
fix  or  eight  inches,  they  became  ftrongly  eledtrical  in  a  very 
fhort  time,  and  more  fo  when  they  were  cooling.  Thefe 
balls  will,  every  time  they  are  heated,  give  the  eledtrical 
fluid  to,  or  take  it  from  other  bodies,  according  to  the  plus 
or  minus  ftate  of  it  within  them.  Heating  them  fre¬ 
quently,  I  find  will  fenfibly  diminifh  their  power ;  but 
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keeping  one  of  them  under  water  a  week,  did  not  appear 
in  the  lead:  degree  to  impair  it.  Tnat  which  I  kept  un¬ 
der  water,  was  charged  on  tne  2 2d  of  September  laft, 
was  feveral  times  heated  before  it  was  kept  in  water,  and 
has  been  heated  frequently  fince,  and  yet  it  ftill  retains  its 
virtue  to  a  very  conflderable  degree.  The  bi  easing  two  of 
my  balls  accidentally,  gave  me  an  opportunity  of  meafuring 
their  thicknefs,  which  I  found  to  be  between  feven  and 

eight  parts  in  a  thoufand  of  an  inch. 

A  down  feather,  in  a  thin  glafs  ball,  hermetically  fealed, 
will  not  be  affeded  by  the  application  of  an  excited 
tube,  or  the  wire  of  a  charged  vial,  unlels  the  ball  be  confi- 
derably  heated  j  and  if  a  glafs  pane  be  heated  till  it  begins 
to  grow  foft,  and  in  that  ftate  be  held  between  the  wire 
of  a  charged  vial,  and  the  difcharging  wire,  the  courfe  of 
the  eledrical  fluid  will  not  be  through  the  glafs,  but  on  the 

furface,  round  by  the  edge  of  it.”  1 

By  this  laft  experiment  of  Mr.  Canton's ,  it  appears,  that 
though  by  a  moderate  heat,  thin  glafs  becomes,  in  feme  de¬ 
gree,  a  conductor  of  eledricity,  yet,  when  of  the  thiacnefs 
of  a  common  pane,  it  is  not,  though  in  a  ftate  near  melt¬ 
ing,  fo  good  a  condudor  as  to  pafs  the  fhock  of  a  diichar- 
ged  bottle.  There  are  other  condudors  which  fuffer  the 
eledric  fluid  to  pafs  through  them  gradually,  and  yet  will 
not  condud  a  fhock.  For  inftance,  a  quire  of  paper  will 
condud  through  its  whole  length,  fe  as  to  eledrify  a  per- 

fon,  who,  ftanding  on  wax,  prefents  the  paper  to  an  electri¬ 
fied 
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fied  prime  conductor ;  but  it  will  not  conduct  a  fhock 
even  through  its  thicknefs  only ;  hence  the  fhock  either 
fails,  or  pafles  by  rending  a  hole  in  the  paper.  Thus  a 
fieve  will  pafs  water  gradually,  but  a  flream  from  a  fire  en¬ 
gine  would  either  be  flopped  by  it,  or  tear  a  hole  through  it. 

It  fhould  feem,  that  to  make  glafs  permeable  to  the  elec¬ 
tric  fluid,  the  heat  fhould  be  proportioned  to  the  thicknefs. 
You  found  the  heat  of  boiling  water,  which  is  but  210, 
fuflicient  to  render  the  extreme  thin  glafs  in  a  Florence 
flafk  permeable  even  to  a  fhock. — Lord  Charles  Cavendijh> 
by  a  very  ingenious  experiment,  has  found  the  heat  of  400 
requifite  to  render  thicker  glafs  permeable  to  the  common 
current.  v 

€C  A  glafs  tube,  (See  Plate  VI.)  of  which  the  part  C  B 
was  folid,  had  wire  thrufl  in  each  end,  reaching  to  B  and  C. 

A  fmall  wire  was  tied  on  at  D,  reaching  to  the  floor,  in 
order  to  carry  off  any  electricity  that  might  run  along  up¬ 
on  the  tube. 

The  bent  part  was  placed  in  an  iron  pot,  filled  with  iron 
filings  ;  a  thermometer  was  alfo  put  into  the  filings  ;  a 
lamp  was  placed  under  the  pot  5  and  the  whole  was  fup- 
ported  upon  glafs. 

The  wire  A  being  electrified  by  a  machine,  before  the 
heat  was  applied,  the  corks  at  E  feparated,  at  firfl  upon  the 
principle  of  the  Leyden  vial. 

But  after  the  part  C  B  of  the  tube  was  heated  to  6oo, 
the  corks  continued  to  feparate,  though  you  difcharged  the 

G  g  g  electricity 
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eleCtricity  by  touching  the  wire  at  E,  the  eleCtricai  mz~ 

chine  continuing  in  motion.  «  | 

Upon  letting  the  whole  cool,  the  effect  remained  w  tne 

thermometer  was  funk  to  zj.00. 

It  were  to  be  wiffied,  that  this  noble  phi! ofopner  would 

communicate  more  of  his  experiments  to  the  world,  as  he 

makes  many,  and  with  great  accuracy. 

You  know  I  have  always  look’d  upon  and  mentioned 
the  equal  repulfion  in  cafes  of  pofitive  and  of  negative  e- 
leCtricity,  as  a  phenomenon  difficult  to  be  explained.  I 
have  fometimes,  too,  been  inclined,  with  you,  to  refolve  all 
into  attraction ;  but  befides  that  attradion  feeds  in  itfelf 
as  unintelligible  as  repulfion,  there  are  fome  appearances 
of  repulfion  that  I  cannot  fo  eafily  explain  by  attraction 
this  for  one  inftance.  When  the  pair  of  cork  balls  are 
fufpended  by  flaxen  threads,  from  the  end  of  the  prime 
conductor,  if  you  bring  a  rubbed  glafs  tube  near  the  con¬ 
ductor,  but  without  touching  it,  you  fee  the  balls  feparate, 
as  being  electrified  pofitively ;  and  yet  you  have  commu¬ 
nicated  no  electricity  to  the  conductor,  for,  if  you  had,  it 
would  have  remained  thereafter  withdrawing  the  tube;  but 
the  clofing  of  the  bails  immediately  thereupon,  ffiews  that 
the  conductor  has  no  more  left  in  it  than  its  natural  quan¬ 
tity.  Then  again  approaching  the  conductor  with  the  rub¬ 
bed  tube,  if,  while  the  balls  are  feparated,  you  touch  with 
a  finger  that  end  of  the  conductor  to  which  they  hang,  they 

will  come  together  again,  as  being,  with  that  part  of  the 
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conductor,  brought  to  the  fame  ftate  with  your  finger,  /.  e. 
the  natural  ftate.  But  the  other  end  of  the  condudor,  near 
which  the  tube  is  held,  is  not  in  that  ftate,  but  in  the  nega¬ 
tive  ftate,  as  appears  on  removing  the  tube  5  for  then  part 
of  the  natural  quantity  left  at  the  end  near  the  balls,  leav¬ 
ing  that  end  to  fupply  what  is  wanting  at  the  other,  the 
whole  condudor  is  found  to  be  equally  in  the  negative  ftate. 
Does  not  this  indicate  that  the  eledricity  of  the  rubbed 
tube  had  repelled  the  eledric  fluid,  which  was  diffufed  in 
the  conductor  while  in  its  natural  ftate,  and  forced  it  to  quit 
the  end  to  which  the  tube  was  brought  near,  accumulating 
itfelf  on  the  end  to  which  the  balls  were  fufpended  ?  I 
own  I  find  it  difficult  to  account  for  its  quitting  that  end, 
on  the  approach  of  the  rubbed  tube,  but  on  the  fuppofi- 
tion  of  repulfion  $  for,  while  the  conductor  was  in  the  fame  " 
ftate  with  the  air,  i.  e .  the  natural  ftate,  it  does  not  feem  to 


me  eafy  to  fuppofe,  that  an  attradion  ftiould  fuddenly 
take  place  between  the  air  and  the  natural  quantity  of  the 
eledric  fluid  in  the  condudor,  fo  as  to  draw  it  to,  and 
accumulate  it  on  the  end  oppolite  to  that  approached  by  the 
tube  ;  fince  bodies,  pofteffing  only  their  natural  quantity 
of  that  fluid,  are  not  ufually  feen  to  attrad  each  other,  or  to 
affed  mutually  the  quantities  of  eledricity  each  contains. 

There  are  likewife  appearances  of  repulfion  in  other 
parts  of  natuie.  Mot  to  mention  the  violent  force  with 
which  the  particles  of  water,  heated  to  a  certain  degree, 
separate  fioni  each  other,  or  thofe  of  gunpowder,  when 

Z  S  2  1  touch’d 


^0 6  Letters  and  Papers 

touch’d  with  the  fmalleft  fpark  of  fire,  there  is  the  feeming 
repulfion  between  the  fame  poles  of  the  magnet,  a  body 
containing  a  fubtle  moveable  fluid,  in  many  leipecrs  ana- 
lagous  to  the  eleCtric  fluid.  If  two  magnets  are  fo  Ap¬ 
pended  by  firings,  as  that  their  poles  of  the  fame  denomina 
tion  are  oppofite  to  each  other,  they  will  feparate,  and  con¬ 
tinue  fo  i  or  if  you  lay  a  magnetic  fleel  bar  on  a  fmooth 
table,  and  approach  it  with  another  parallel  to  it,  the  poles 
of  both  in  the  fame  pofition,  the  firfl  will  recede  from  the 
fecond,  fo  as  to  avoid  the  contaCt,  and  may  thus  be  pufh’d 
(or  at  leaft  appear  to  be  pufh’d)  off  the  table.  Can  this 
be  afcribed  to  the  attraction  of  any  furrounding  body  or 
matter  drawing  them  afunder,  or  drawing  the  one  away 
from  the  other  ?  If  not,  and  repulfion  exifts  in  nature, 
and  in  magnetifm,  why  may  it  not  exift  in  electricity  ? 
We  fhoild  not,  indeed,  multiply  caufes  in  philofophy  with¬ 
out  neceffity  ;  and  the  greater  fimplicity  of  your  hypothe- 
lis  would  recommend  it  to  me,  if  I  could  fee  that  all  ap¬ 
pearances  might  be  folved  by  it.  But  I  find,  or  think  I 
find,  the  two  caufes  more  convenient  than  one  of  them  a- 
lone.  Thus  I  would  folve  the  circular  motion  of  your 
horizontal  flick,  fupported  on  a  pivot,  with  two  pins  at 
their  ends,  pointing  contrary  ways,  and  moving  in  the  fame 
direction  when  electrified,  whether  pofitively  or  negative¬ 
ly  :  When  pofitively,  the  air  oppofite  to  the  points  being 
eleCtrifed  pofitively,  repels  the  points;  when  negatively, 

the  air  oppofite  the  points  being  alfo,  by  their  means,  elec- 

1  trifed 
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trifed  negatively,  attraction  takes  place  between  the  electri¬ 
city  in  the  air  behind  the  heads  of  the  pins,  and  the  nega¬ 
tive  pins,  and  fo  they  are,  in  this  cafe,  drawn  in  the  fame 
direction  that  in  the  other  they  were  driven. — -You  fee  I 
am  willing  to  meet  you  half  way,  a  complaifance  I  have 
not  met  with  in  our  brother  Nollefy  or  any  other  hypothe- 
fis-maker,  and  therefore  may  value  myfelf  a  little  upon  it, 
efpecially  as  they  fay  I  have  fome  ability  in  defending  even 
the  wrong  fide  of  a  queftion,  when  I  think  fit  to  take  it 
in  hand. 

What  you  give  as  an  efiablifhed  law  of  the  eleCtric  fluid, 

\ 

<c  That  quantities  of  different  denfities  mutually  attract 
“  each  other,  in  order  to  reftore  the  equilibrium,”  is,  I 
think,  not  well  founded,  or  elfe  not  well  exprefs’d.  Two 
large  cork  balls,  fufpended  by  filk  firings,  and  both  well 
and  equally  electrified,  feparate  to  a  great  diflance.  By 
bringing  into  contaCt  with  one  of  them,  another  ball  of  the 
fame  fize,  fufpended  likewife  by  filk,  you  will  take  from  it 
half  its  electricity.  It  will  then,  indeed,  hang  at  a  lefs  dis¬ 
tance  from  the  other,  but  the  full  and  the  half  quantities 
will  not  appear  to  attraCt  each  other,  that  is,  the  balls  will 
not  come  together.  Indeed,  I  do  not  know  any  proof  we 
have,  that  one  quantity  of  eleCtric  fluid  is  attracted  by  ano¬ 
ther  quantity  of  that  fluid,  whatever  difference  there  may 
be  in  their  denfities.  And,  fuppofing  in  nature,  a  mutual 
attraction  between  two  parcels  of  any  kind  of  matter,  it 
would  be  Itrange  if  this  attraction  fhould  fubfifl  ftrongly 

while 
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while  thofe  parcels  were  unequal,  and  ceafe  when  more 

[  '  ■  A 

matter  of  the  fame  kind  was  added  to  the  fmallefl  parcel, 

,tti£  oim  >8  nils  won  .  r 

fo  as  to  make  it  equal  to  the  biggeft.  By  all  the  laws  of 

attraction  in  matter,  that  we  are  acquainted  with,  the  at¬ 
traction  is  ftronger  in  proportion  to  the  increafe  of  the  mafT 

fes,  and  never  in  proportion  to  the  difference  of  the  maffes. 

x.  hi  OV  i 

I  fhould  rather  think  the  law  would  be,  tc  That  the  elec- 

u  trie  fluid  is  attracted  ftrongly  by  all  other  matter  that  we 

. 

know  of,  while  the  parts  of  that  fluid  mutually  repeb 
each  other.”  Hence  its  being  equally  diffufed  (except  in 
particular  circumflances)  throughout  all  other  matter. 
But  this  you  jokingly  call  “  eledtrical  orthodoxy.”  It  is  fo 
with  feme  at  prefent,  but  not  with  all  y  and,  perhaps,  it 
may  not  always  be  orthodoxy  with  any  body.  Opinions 
are  continually  varying,  where  we  cannot  have  mathemati¬ 
cal  evidence  of  the  nature  of  things  ;  and  they  muft  vary. 
Nor  is  that  variation  without  its  ufe,  fince  it  occafions  a 
more  thorough  difeuflion,  whereby  error  is  often  diflipa- 
ted,  true  knowledge  is  encreafed,  and  its  principles  become 
better  underftood  and  more  firmly  eftablifhed. 

Air  fhould  have,  as  you  obferve,  “  its  fhare  of  the 
€C  common  flock  of  electricity,  as  well  as  glafs,  and,  per- 
c{  haps,  all  other  electrics fe'y  But  I  fuppofe,  that, 
like  them,  it  does  not  eafily  part  with  what  it  has,  or  re¬ 
ceive  more,  unlefs  when  mix'd  with  fome  nonelectric,  as 
moifture  for  inftance,  of  which  there  is  fome  in  our  drieft 
air.  This,  however,  is  only  a  fuppofition  5  and  your  ex¬ 
periment 
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perirnent  of  reftoring  eledxicity  to  a  negatively  eledfriied 
perfon,  by  extending  bis  arm  upwards  into  the  air,  with  a 
needle  between  his  fingers,  on  the  point  of  which  light 
may  be  feen  in  the  night,  is,  indeed,  a  curious  one.  In 
this  town  the  air  is  generally  moifter  than  with  us,  and 
here  I  have  leen  Mr.  Canton  eleftrify  the  air  in  one  room 
pofitively,  and  in  another,  which  communicated  by  a  door, 
he  has  eledtrifed  the  air  negatively.  The  difference  was 
eafily  difcovered  by  his  cork  balls,  as  he  palled  out  of  one 
room  into  another. — —Pere  Becca?ua^  too,  has  a  pretty  ex- 
perirnent,  which  {hews  that  air  may  be  elcCtriicd .  Sufpen** 
ding  a  pair  of  fmall  light  balls,  by  flaxen  threads,  to  the  end 
of  his  prime  conductor,  he  turns  his  globe  fome  time,  elec~ 
trifing  pofitively,  the  balls  diverging  and  continuing  fepa- 
rate  all  the  time.  Then  he  prefents  the  point  of  a  needle 
to  his  condu&or,  which  gradually  drawing  off  the  eledric 
fluid,  the  balls  approach  each  other,  and  touch,  before  all 
is  drawn  from  the  conductor ;  opening  again  as  more  is 
drawn  off,  and  feparating  nearly  as  wide  as  at  firft,  when 
the  conductor  is  reduced  to  the  natural  ftate.  By  this  it  ap¬ 
pears,  that  when  the  balls  came  together,  the  air  furround¬ 
ing  the  balls  was  juft  as  much  eledtrifed  as  the  conductor 
at  that  time  ;  and  more  than  the  conductor,  when  that  was 
reduced  to  its  natural  ftate.  For  the  balls,  though  in  the 
natural  ftate,  will  diverge,  when  the  air  that  furrounds  them 
is  eleilrifed  plus  or  minus ,  as  well  as  when  that  is  in  its  na¬ 
tural  ftate  and  they  are  eledtrifed  plus  or  minus  themfelves* 

I  forefe© 
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I  forefee  that  you  will  apply  this  experiment  to  the  fup- 
port  of  your  hypothefis,  and  I  think  you  may  make  a  good 
deal  of  it. 

It  was  a  curious  enquiry  of  yours,  Whether  the  electri¬ 
city  of  the  air,  in  clear  dry  weather,  be  of  the  fame  denfity 
at  the  height  of  two  or  three  hundred  yards,  as  near  the 
furface  of  the,  earth  ;  and  I  am  glad  you  made  the  expe¬ 
riment.  Upon  reflection,  it  fhould  feem  probable,  that 
whether  the  general  ftate  of  the  atmofphere  at  any  time  be 
pofitive  or  negative,  that  part  of  it  which  is  next  the  earth 
will  be  nearer  the  natural  ftate,  by  having  given  to  the 
earth  in  one  cafe,  or  having  received  from  it  in  the  other. 
In  eleCtrifing  the  air  of  a  room,  that  which  is  neareft  the 
walls,  or  floor,  is  leaft  altered.  There  is  only  one  fmall 
ambiguity  in  the  experiment,  which  may  be  cleared  by 
more  trials ;  it  arifes  from  the  fuppofition  that  bodies  may 
be  eleCtrifed  pofitively  by  the  friction  of  air  blowing  ftrongly 
on  them,  as  it  does  on  the  kite  and  its  ftring.  If  at  fome 
times  the  electricity  appears  to  be  negative,  as  that  friction 
is  the  fame,  the  effeCt  muft  be  from  a  negative  ftate  of  the 
upper  air. 

I  am  much  pleafed  with  your  eleCtrical  thermometer, 
and  the  experiments  you  have  made  with  it.  I  formerly 
fatisfied  myfelf  by  an  experiment  with  my  phial  and  fy- 
phon,  that  the  elafticity  of  the  air  was  not  increafed  by  the 
mere  exiftence  of  an  eleCtric  atmofphere  within  the  phial  j 
but  I  did  not  know,  till  you  now  inform  me,  that  heat  may 

be 
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be  given  to  it  by  an  eledtric  cxplofion.  The  continuance 
of  its  rarcfadtiors,  for  feme  time  after  the  discharge  of  your 
glafs  jar  and  of  your  cafe  of  bottles,  feem  to  make  this  clear. 
The  other  experiments  on  wet  paper,  wet  thread,  green 
grafs,  and  green  wood,  are  not  fo  fatisfafiory;  as  pofiibly 
the  reducing  part  of  the  moifture  to  vapour,  by  the  elec- 
trie  fluid  palling  through  it,  might  occafion  dome  expan  li¬ 
on  which  would  be  gradually  reduced  by  the  condenfation 
of  fuch  vapour.  The  fine  fiiver  thread,  the  very  fmall 
brafs  wire,  and  the  ftrip  of  gilt  paper,  are  alfo  fubjedt  to  a 
fmiilar  objection,  as  even  metals,  in  fuch  circumftances,  are 
often  partly  reduced  to  fmoke,  particularly  the  gilding  on 
paper. 

But  your  fubfequent  beautiful  experiment  on  the  wire, 
which  you  made  hot  by  the  eledtric  explofion,  and  in  that 
ftate  fired  gunpowder  with  it,  puts  it  out  of  all  ques¬ 
tion,  that  heat  is  produced  by  our  artificial  eledtricity,  and 
that  the  melting  of  metals  in  that  way,  is  not  by  what  I 
formerly  called  a  cold  fufion.  A  late  inftance  here,  of  the 
melting  a  bell-wire,  in  a  houfe  ftruck  by  lightning,  and 
parts  of  the  wire  burning  holes  in  the  floor  on  which 
they  fell,  has  proved  the  fame  with  regard  to  the  eledtri¬ 
city  of  nature.  I  was  too  eafily  led  into  that  error  by  ac¬ 
counts  given,  even  in  philofophical  books,  and  from  remote 
ages  downwards ,  of  melting  money  in  purfes,  fwords  in 
fcabbards,  &c.  without  burning  the  inflammable  matters  that 

were  fo  near  thofe  melted  metals.  But  men  are,  in  gene- 

H  h  h  ral. 
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ral,  fuch  carelefs  obfervers,  that  a  philofopher  cannot  be  too 
much  on  his  guard  in  crediting  their  relations  of  things  ex¬ 
traordinary,  and  fhould  never  build  an  hypothefis  on  any 
thing  but  clear  fads  and  experiments,  or  it  will  be  in  dan¬ 
ger  of  foon  falling,  as  this  does,  like  a  houfe  of  cards. 

How  many  ways  there  are  of  kindling  fire,  or  producing 
heat  in  bodies !  By  the  fun's  rays,  by  collifion,  by  fridi- 
on,  by  hammering,  by  putrefadion,  by  fermentation,  by 
mixtures  of  fluids,  by  mixtures  of  folids  with  fluids,  and  by 
eledricity.  And  yet  the  fire  when  produced,  though  in 
different  bodies  it  may  differ  in  circum fiances,  as  in  colour, 
vehemence,  &c.  yet  in  the  fame  bodies  is  generally  the 
fame.  Does  not  this  feem  to  indicate  that  the  fire  ex¬ 
ited  in  the  body,  though  in  a  quiefcent  date,  before  it  was 
by  any  of  thefe  means  excited,  difengaged,  and  brought 
forth  to  adion  and  to  view  ?  May  it  not  conflitute  part, 
and  even  a  principal  part,  of  the  folid  fubftance  of  bodies  ? 
If  this  fhould  be  the  cafe,,  kindling  fire  in  a  body  would  be 
nothing  more  than  developing  this  inflammable  principle, 
and  fetting  it  at  liberty  to  ad  in  feparating  the  parts  of  that 
body,  which  then  exhibits  the  appearances  of  fcorching, 
melting,  burning,  &c .  When  a  man  lights  an  hundred 
candles  from  the  flame  of  one,  without  diminishing  that 
flame,  can  it  be  properly  faid  to  have  communicated  all  that 
fire  ?  When  a  Angle  fpark  from  a  flint,  applied  to  a  ma¬ 
gazine  of  gunpowder,  is  immediately  attended  with  this 
confequence,  that  the  whole  is  in  flame,  exploding  with 

immenfe 
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immenfe  violence,  could  all  this  fire  exift  fir  ft  in  the  fpark  ? 
We  cannot  conceive  it.  And  thus  we  feem  led  to  this  fup- 
pofition,  that  there  is  fire  enough  in  all  bodies  to  finge* 
melt,  or  burn  them,  whenever  it  is,  by  any  means,  fet  at 
liberty,  fo  that  it  may  exert  itfelf  upon  them,  or  be  difen- 
gaged  from  them.  This  liberty  feems  to  be  afforded  it  by 
the  paffage  of  eledricity  through  them,  which  we  know 
can  and  does,  of  itfelf,  feparate  the  parts  even  of  water;  and 
perhaps  the  immediate  appearances  of  fire  are  only  the  ef- 
feds  of  fuch  feparations  ?  If  fo,  there  would  be  no  need 
of  fuppofing  that  the  eledric  fluid  heats  itfelf  by  the  fwift- 
nefs  of  its  motion,  or  heats  bodies  by  the  refiftance  it  meets 
with  in  pafling  through  them.  They  would  only  be  heated 
in  proportion  as  fuch  feparation  could  be  more  eafily  made* 
Thus  a  melting  heat  cannot  be  given  to  a  large  wire  in 
the  flame  of  a  candle,  though  it  may  to  a  fmall  one  ;  and 
this  not  becaufe  the  large  wire  refills  lefs  that  adion  of  the 
flame  which  tends  to  feparate  its  parts,  but  becaufe  it  refills 
it  more  than  the  fmaller  wire  ;  or  becaufe  the  force  being 
divided  among  more  parts,  ads  weaker  on  each. 

This  reminds  me,  however,  of  a  little  experiment  I  have 
frequently  made,  that  fhews,  at  one  operation,  the  different 
effeds  of  the  fame  quantity  of  eledric  fluid  pafling  through 
different  quantities  of  metal.  A  llrip  of  tinfoil,  three  inches 
long,  a  quarter  of  an  inch  wide  at  one  end,  and  tapering 
all  the  way  to  a  fharp  point  at  the  other,  fixed  between 
two  pieces  of  glafs,  and  having  the  eledricity  of  a  large 
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glafs  jar  Tent  through  it,  will  not  be  difcompofed  in  toe 
broadeft  part ;  towards  the  middle  will  appeal  melted  in 
fpots  ;  where  narrower,  it  will  be  quite  melted ;  and  about 
half  an  inch  of  it  next  the  point  will  be  reduced  to  fmoke. 

You  were  not  miftaken  in  fuppofing  that  your  account 
of  the  effeCt  of  the  pointed  rod,  in  fecuririg  Mr.  JVeJi' s  houfe 
from  damage  by  a  ftroke  of  lightning,  would  give  me 
great  pleafure.  I  thank  you  for  it  mod  heartily,  and  for  the 
pains  you  have  taken  in  giving  me  fo  complete  a  defcrip- 
tion  of  its  fxtuation,  form,  and  fubftance,  with  the  draft  of 
the  melted  point.  There  is  one  circumftance,  viz.  that 
the  lightning  was  feen  to  diffufe  itfelf  from  the  foot  of  the 
rod  over  the  wet  pavement,  which  feems,  I  think,  to  indi¬ 
cate,  that  the  earth  under  the  pavement  was  very  dry,  and 
that  the  rod  fhould  have  been  funk  deeper,  till  it  came  to 
earth  moifler  and  therefore  apter  to  receive  and  diflipate 
the  eleCtric  fluid.  And  although,  in  this  inftance,  a  con¬ 
ductor  formed  of  nail  roos,  not  much  above  a  quaiter  of 
an  inch  thick,  ferved  well  to  convey  the  lightning,  yet 
fome  accounts  I  have  feen  from  Carolina ,  give  reafon  to 
think,  that  larger  may  be  fometimes  necelfary,  at  leaf!  for 
the  fecurity  of  the  conductor  itfelf,  which,  when  too  fmall, 
may  be  deftroyed  in  executing  its  omce,  though  it  does,  at 
the  fame  time,  preferve  the  houfe.  Indeed,  in  the  confhuc— 
tionofan  inftrumentfo  new,  and  of  which  we  could  have 
fo  little  experience,  it  is  rather  lucky  that  we  flioulo  at  firft 

be  fo  near  the  truth  as  we  feem  to  be,  and  commit  fo  few 
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There  is  another  reafon  for  finking  deeper  the  lower  end 
of  the  rod,  and  alfo  for  turning  it  outwards  under  ground 
to  fome  distance  from  the  foundation  5  it  is  this,  that  water 
dripping  trom  the  eaves  falls  near  the  foundation,  and 
fometimes  foaks  down  there  in  greater  quantities,  fo  as  to 
come  near  the  end  of  the  rod  though  the  ground  about  it 
be  drier.  In  fuch  cafe,  this  water  may  be  exploded,  that 
is,  blown  into  vapour,  whereby  a  force  is  generated  that 
may  damage  the  foundation.  Water  reduced  to  vapour,  is 
faid  to  occupy  14,000  times  its  former  fpace.  I  have  fent 
a  charge  through  a  fmall  glafs  tube,  that  has  borne  it  well 
while  empty,  but  when  filled  firft  with  water,  was  fluttered 
to  pieces  and  driven  all  about  the  room: — Finding  no 
part  of  the  water  on  the  table,  I  fufpeCted  it  to  have  been 
reduced  to  vapour  ;  and  was  confirmed  in  that  fufpicion 
gf^^wards,  when  I  had  filled  a  like  piece  of  tube  with 
ink,  and  laid  it  on  a  fheet  of  clean  paper,  whereon,  after 
the  explofion,  I  could  find  neither  any  moifture  nor  any 
fully  from  the  ink.  This  experiment  of  the  explofion  of 
water,  which  I  believe  was  firft  made  by  that  moft  in¬ 
genious  electrician  father  Beccaria ,  may  account  for  what 
we  fometimes  fee  in  a  tree  ftruek  by  lightning,  when 
part  of  it  is  reduced  to  fine  fplinters  like  a  broom  ;  the 
fap  veffels  being  fo  many  tubes  containing  a  watry  fluid, 
which  when  reduced  to  vapour,  rends  every  tube  length¬ 
ways.  And  perhaps  it  is  this  rarefaction  of  the  fluids  m 

animal  bodies  killed  by  lightning  or  eledricity,  that  by 
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feparating  its  fibres,  renders  the  flefli  fo  tender,  and  apt  fo 

■»  V 

much  fooner  to  putrify.  I  think  too,  that  much  of  the 
damage  done  by  lightning  to  ftone  and  brick  walls,  may 
fometimes  be  owing  to  the  explofion  of  water,  found, 
during  fhowers,  running  or  lodging  in  the  joints  or  fmall 
cavities  or  cracks  that  happen  to  be  in  the  walls. 

Here  are  fome  electricians  that  recommend  knobs  in- 
ftead  of  points  on  the  upper  end  of  the  rods,  from  a  fup- 
pofition  that  the  points  invite  the  ftroke.  It  is  true  that 
points  draw  eledricity  at  greater  diftances  in  the  gradual 
filent  way ;  —  but  knobs  will  draw  at  the  greateft  diftance 
a  ftroke.  There  is  an  experiment  that  will  fettle  this. 
Take  a  crooked  wire  of  the  thicknefs  of  a  quill,  and  of 
fuch  a  length  as  that  one  end  of  it  being  applied  to  the 
lower  part  of  a  charged  bottle,  the  upper  may  be  brought 
near  the  ball  on  the  top  of  the  wire  that  is  in  the  bottle. 
Let  one  end  of  this  wire  be  fornifhed  with  a  knob,  and 

i  _  * 

the  other  be  gradually  tapered  to  a  fine  point.  When  the 
point  is  prefented  to  difcharge  the  bottle  it  muft  be  brought 
much  nearer  before  it  will  receive  the  ftroke,  than  the 
knob  requires  to  be.  Points  befides  tend  to  repel  the 
fragments  of  an  eleClrifed  cloud,  knobs  draw  them  nearer. 
An  experiment  which  I  believe  I  have  fhewn  you,  of  cot¬ 
ton  fleece  hanging  from  an  eledrifed  body,  fhows  this 
^clearly  when  a  point  or  a  knob  is  prefented  under  it. 

Y  ou  feem  to  think  highly  of  the  importance  of  this 
difcovery,  as  do  many  others  on  our  fide  of  the  water. 

Here 
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Here  it  is  very  little  regarded  ;  fo  little,  that  though  it  is 
now  feven  or  eight  years  iince  it  was  made  publick,  I  have 
not  heard  of  a  Angle  houfe  as  yet  attempted  to  he  fecured 
by  it.j  It  is  true  the  mifchiefs  done  by  lightning  are  not 
fo  frequent  here  as  with  us,  and  thofe  who  calculate 
chances  may  perhaps  find  that  not  one  death  (or  the  de- 
ftru&ion  of  one  houfe)  in  a  hundred  thoufand  happens 
from  that  caufe,  and  that  therefore  it  is  fcarce  worth  while 
to  be  at  any  expence  to  guard  againft  it.— But  in  all 
countries  there  are  particular  fituations  of  buildings  more 
expofed  than  others  to  fuch  accidents,  and  there  are  minds 
fo  ftrongly  impreffed  with  the  apprehenfion  of  them,  as 
to  be  very  unhappy  every  time  a  little  thunder  is  within 
their  hearing  a  —  it  may  therefore  be  well  to  render  this 
little  piece  of  new  knowledge  as  general  and  as  well  un¬ 
derstood  as  poflible,  fince  to  make  us  fafe  is  not  all  its  ad¬ 
vantage,  it  is  fome  to  make  us  eafy.  And  as  the  ftroke  it 
fecures  us  from  might  have  chanced  perhaps  but  once  in  our 
lives,  while  it  may  relieve  us  a  hundred  times  from  thofe 
painful  apprehenfions,  the  latter  may  poffibly  on  the  w'hole 
contribute  more  to  the  happinefs  of  mankind  than  the  former. 

Your  kind  willies  and  congratulations  are  very  obliging.  I 
return  them  cordially; —  being  with  great  regard  and  efieem, 

'  '  '  ■  ■  r  -  •  C  '  '  ■  ■ 

My  dear  Sir, 

Your  affectionate  friend, 

/ 

and  moll  obedient  humble  fervant, 

B.  F. 

’ '  LETTER 
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Accounts  from  Carolina  ( mention  dm  the jot  ego- 
ing  Letter )  of  the  effects  of  Lightning,  on  two 
of  the  Rods  commonly  affix’d  to  Houfes  there, 
for  fecurmg  them  again  ft  Lightning. 


Charles-town ,  Nov.  1,  1760. 

,c  _ _ „it  is  fome  Years  fince  Mr.  Raven’s  Rod  was 

fl-ruck  by  lightning.  I  hear  an  account  of  it  was  publilhed 
at  the  time,  but  I  cannot  find  it.  According  to  the  beft 
information  I  can  now  get,  he  had  fix’d  to  the  outfide  of 
his  chimney  a  large  iron  Rod,  feveral  feet  in  length,  reach¬ 
ing  above  the  chimney ;  and  to  the  top  of  this  iod^  the 
points  were  fixed.  From  the  lower  end  of  this  rod,  a  fmall 
brafs  wire  was  continued  down  to  the  top  of  another  iron 
rod  driven  into  the  earth.  On  the  ground-floor  in  the 
chimney  flood  a  gun,  leaning  againft  the  back  wall,  nearly 
oppofite  to  where  the  brafs  wire  came  down  on  the  outfide. 
The  lightning  fell  upon  the  points,  did  no  damage  to  the 
rod  they  were  fix’d  to;  but  the  brafs  wire,  all  down  till  it 

came  oppofite  to  the  top  of  the  gun-barrel,  was  deftroyed* 

There 


*  A  proof  that  it  was  not  offufficient  fubftance  to  ^  ||fty  £0 

the’  with  fafety  Jo  far  to  the  wall)  fo  large  a  quantity  of  the  eledric  flin  . 


There  the  lightning  made  a  hole  through  the  wall  or  back 
of  the  chimney,  to  get  to  the  gun-barrel, f  down  which  it 
feems  to  have  pafs’d,  as,  although  it  did  not  hurt  the  barrel, 
it  damaged  the  butt  of  the  dock,  and  blew  up  fome  bricks 
of  the  hearth.  The  brafs  wire  below  the  hole  in  the  wall 
remain’d  good. — No  other  damage,  as  I  can  learn,  was  done 
to  the  houfe.— I  am  told  the  fame  houfe  had  formerly  been 
ftruck  by  lightning,  and  much  damaged,  before  thefe  rods 

were  invented.”—- - - 

^  r  * 

LETTER  XL.  ' 

Mr.  William  Maine’s  Account  of  the  Effe&s  of 
Lightning  on  his  Rod,  dated  at  Indian  hand , 
in  South  Carolina ,  Aug.  28,  1760. 

-  “  I  had  a  fet  of  eledrical  points,  confiding  of 
three  prongs,  of  large  brafs  wire  tipt  with  diver,  and  per¬ 
fectly  fharp,  each  about  feven  inches  long;  thefe  were  riveted 
at  equal  didances  into  an  iron  nut  about  three  quarters  of  an 
inch  fquare,  and  opened  at  top  equally  to  the  didance  of  fix 
or  feven  inches  from  point  to  point,  in  a  regular  triangle. 
This  nut  was  fcrewed  very  tight  on  the  top  of  an  iron  rod  of 
above  half  an  inch  diatjieter,  or  the  thicknefs  of  a  common 

I  i  i  curtain 

rj-  A  more  fubftantial  conductor. 
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curtain  rod,  compofed  of  feveral  joints,  annexed  by  books 
turned  at  the  ends  of  each  joint,  and  the  whole  fixed  to  the 
chimney  of  my  houfc  by  iron  ftaples.  The  points  were 
elevated  (a ),  fix  or  feven  inches  above  the  top  of  the  chim¬ 
ney  ;  and  the  lower  joint  funk  three  feet  in  the  earth,  in  a 
perpendicular  direction. 

Thus  flood  the  points  on  Tuefday  laft  about  five  in  the 
evening,  when  the  lightning  broke  with  a  violent  explofion 
on  the  chimney,  cut  the  rod  fquare  off  juft  under  the  nutt, 
and  I  am  perfuaded,  melted  the  points,  nut,  and  top  of  the 
rod,  entirely  up  5  as  after  the  mod  diligent  fearch,  nothing 
of  either  was  found  (b)y  and  the  top  of  the  remaining  rod 
was  cafed  over  with  a  congealed  folder.  The  lightning  ran 
down  the  rod,  ftarting  aim  oft  all  the  ftaples  (c),  and  unhook¬ 
ing  the  joints,  without  affedting  the  rod  (d)y  except  on  the 
infide  of  each  hook  where  the  joints  were  coupled,  the  fur- 
face  of  which  was  melted  (e)y  and  left  as  cafed  over  with 
folder.— No  part  of  the  chimney  was  damaged  (f)y  only 
at  the  foundation  (g)y  where  it  was  fhattered  almoft  quite 
round,  and  feveral  bricks  were  torn  out  (h).  Confiderable  ca¬ 
vities  were  made  in  the  earth  quite  round  the  foundation, 
but  moft  within  eight  or  nine  inches  of  the  rod.  It  alfo 
fliattered  the  bottom  weather-board  (i)y  at  one  corner  of 
the  houfe,  and  made  a  large  hole  in  the  earth  by  the  cor- 
ner  poft.  On  the  other  fide  of  the  chimney,  it  ploughed 
up  feveral  furrows  in  the  earth,  fome  yards  in  length.  It 
ran  down  the  infide  of  the  chimney  (k)7  carrying  only  foot 

with 


with  it;  and  filled  the  whole  houfe  with  its flafli(/),  fmoke, 
and  duft.  It  tore  up  the  hearth  in  feveral  places  (m )\  ar\d 
broke  fome  pieces  of  china  in  the  beaufet  (n).  A  copper 
tea  kettle  ftanding  in  the  chimney  was  beat  together*  as  if 
fome  great  weight  had  fallen  upon  it  (oj-,  and  three  holes* 
each  about  half  an  inch  diameter,  melted  through  the  bot¬ 
tom  (p).  What  feems  to  me  mod  furpriling  is,  that  the 
hearth  under  the  kettle  was  not  hurt,  yet  the  bottom  of 
the  kettle  was  drove  inward,  as  if  the  lightning  proceeded 
from  under  it  upwards  (q)y  and  the  cover  was  thrown  to 
the  middle  of  the  floor  ( r ).  The  fire  dogs,  an  iron  logger- 
head,  an  Indian  pot,  an  earthen  cup,  and  a  cat,  were  all  in 
the  chimney  at  the  time  unhurt,  though  great  part  of  the 
hearth  was  torn  up  (f).  My  wife’s  After,  two  children, 
and  a  Negro  wench,  were  <fil  who  happened  to  be  in  the 
houfe  at  the  time  :  The  firft,  and  one  child,  fat  within  five 
feet  of  the  chimney;  and  were  fo  ftunned,  that  they  never 
faw  the  lightning  nor  heard  the  explolion ;  the  wench,  with 
the  other  child  in  her  arms,  fitting  at  a  greater  diftance, 
was  fenfible  of  both;  though  every  one  was  fo  ftunn’d  that 
they  did  not  recover  for  fome  time;  however  it  pleafed  God 
that  no  farther  mifehief  enfued.  The  kitchen,  at  90  feet 
diftance,  was  full  of  Negroes,  who  were  all  fenfible  of  the 
/Lock  ;  and  fome  of  them  tell  me,  that  they  felt  the  rod 

j  * 

about  a  minute  after,  when  it  was  fo  hot  that  they  could  not 
fcear  it  in  hand.” 

I  i  i  %  Remarks, 
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\  Remarks. 

The  foregoing  very  fcnfiblc  and  diftindt  account  may 
afford  a  good  deal  of  infirudfion  relating  to  the  nature  and 
tffeds  of  lightning,  and  to  the  conftrudtion  and  ufe  of  this 
infirument  for  averting  the  mifchiefs  of  it. — Like  other  new 
inftruments,  this  appears  to  have  been  at  firft  in  fome  ref- 
pedts  imperfedt ;  and  we  find  that  we  are,  in  this  as  in  o- 
thers,  to  expedt  improvement  from  experience  chiefly :  But 
there  feems  to  be  nothing  in  the  account,  that  fhould  dif* 
courage  us  in  the  ufe  of  it  ;  fince  at  the  fame  time  that  its 
imperfedtions  are  difcovered,  the  means  of  removing  them 
are  pretty  eafily  to  be  learnt  from  the  circumftances  of  the 
account  itfelf;  and  its  utility  upon  the  whole  is  manifeft. 

One  intention  of  the  pointed  rod,  is,  to  prevent  a  ftroke 
of  lightning.  (Seepages  126,162.)  But  to  have  a  better 
chance  of  obtaining  this  end,  the  points  fhould  not  be  too 
near  to  the  top  of  the  chimney  or  higheft  part  of  the  build¬ 
ing  to  which  they  are  affixed,  but  fhould  be  extended  five  or 
fix  feet  above  it;  otherwife  their  operation  in  filently 
drawing  off  the  fire  (from  fuch  fragments  of  cloud  as  float 
in  the  air  between  the  great  body  of  cloud  and  the  earth) 
will  be  prevented.  For  the  experiment  with  the,  lock  of 
cotton  hanging  below  the  eledtrified  prime  condudtor,  fhews, 
that  a  finger  under  it,  beingablunt  body,  extendsthe  cotton, 
drawing  its  lower  part  downwards ;  when  a  needle  with  its 
point  prefented  to  the  cotton,  makes  it  fly  up  again  to  the  prime 

condudtor ;  and  that  this  effcdt  is  ftrongeft,  when  as  much 

of 
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of  the  needle  as  poffible  appears  above  the  end  of  the  fin¬ 
ger;  grows  weaker  as  the  needle  is  fhortened  between  the 
finger  and  thumb;  and  is  reduced  to  nothing  when  only  a 
fhort  part  below  the  point  appears  above  the  finger.  Now 
it  feems  the  points  of  Mr.  Maine's  rod  were  elevated  only 
(a)  fix  or  feven  inches  above  the  top  oj  the  chimney ;  which, 
confidering  the  bulk  of  the  chimney  and  the  houfe,  was  too 
fmall  an  elevation.  For  the  great  body  of  matter  near 
them  would  hinder  their  being  eafily  brought  into  a  negative 
flate  by  the  repulfive  power  of  tne  eledtnfed  cloud,  in 
which  negative  ftate  it  is  that  they  attract  mod  ftrongly 
and  copioufly  the  ele&ric  fluid  from  other  bodies,  and  con¬ 
vey  it  into  the  earth. 

(b)  Nothing  of  the  points ,  (Sc.  could  be  found.  This  is  a 
common  effedt.  (Seepage  163.)  Where  the  quantity  of 
the  eledtric  fluid  paffing  is  too  great  for  the  conductor  thro’ 
which  it  paffes,  the  metal  is  either  melted,  or  reduced  to 
fmoke  and  diffipated ;  but  where  the  conductor  is  fufficiently 
large,  the  fluid  paffes  in  it  without  hurting  it.  Thus  thefe 
three  wires  were  deftroyed,  while  the  rod  to  which  they 
were  fixed,  being  of  greater  fubflance,  remained  unhurt ; 
its  end  only,  to  which  they  were  joined,  being  a  little  melt¬ 
ed,  fome  of  the  melted  part  of  the  lower  ends  of  thofe  wires 
uniting  with  it,  and  appearing  on  it  like  folder. 

(C)  (d)  (e )  As  the  feveral  parts  of  the  rod  were  con* 

ne&ed  only  by  the  ends  being  bent  round  into  hooks,  the 

contadt  between  hook  and  hook  was  much  fmaller  than 

the 
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the  rod ;  therefore  the  current  through  the  metal  being 
confin’d  in  thofe  narrow  paffages,  melted  part  of  the  metal, 
as  appeared  on  examining  the  infide  of  each  hook.  Where 
metal  is  melted  by  lightning,  fome  part  of  it  is  generally 
exploded  j  and  thefe  explofions  in  the  joints  appear  to  have 
been  the  caufe  of  unhooking  them;  and,  by  that  violent 
aftion,  of  darting  alfo  moft  of  the  ftapleS.  We  learn  from 
hence,  that  a  rod  in  one  continued  piece  is  preferable  to 
one  compofed  of  links  or  parts  hooked  together. 

(f)  No  pari  oj  the  chimney  was  damaged  j  becaufe  the 
lightning  pafied  in  the  rod.  And  this  indance  agrees  with 
others  in  Chewing,  that  the  fecond  and  principal  intention 
of  the  rods  is  obtainable,  viz.  that  of  conduSling  the  light¬ 
ning.  In  all  the  inftances  yet  known  of  the  lightning’s 
falling  on  any  houfe  guarded  by  rods,  it  has  pitched  down 
upon  the  point  of  the  rod ;  and  has  not  fallen  upon  any 
other  part  of  the  houfe.  Had  the  lightning  fallen  on  this 
chimney,  unfurnilhed  with  a  rod,  it  would  probably  have 
rent  it  from  top  to  bottom,  as  we  fee,  by  the  effeds  of  the 
lightning  on  the  points  and  rod,  that  its  quantity  was  very 
great;  and  we  know  that  many  chimneys  have  been  fo 
demolifhed.  But  no  part  of  this  was  damaged ,  only  (f  ) 
(g)  (b)  at  the  foundation,  where  it  was  fettered  and  fede¬ 
ral  bricks  torn  out.  Here  we  learn  the  principal  defed  in 
fixing  this  rod.  The  lower  joint  being  funk  but  three  feet 
into  the  earth,  did  not  it  Teems  go  low  enough  to  come  at 
water,  or  a  large  body  of  earth  fo  moift  as  to  receive  rea¬ 
dily 
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dily  from  its  end  the  quantity  it  conducted.  The  eledric 
fluid  therefore  thus  accumulated  near  the  lower  end  of  the 
rod,  quitted  it  at  the  furface  of  the  earth,  dividing  in  fearch 
of  other  paffages*  Part  of  it  tore  up  the  furface  in  furrows, 
and  made  holes  in  it :  Part  entered  the  bricks  of  the  foun¬ 
dation,  which  being  near  the  earth  are  generally  moift,  and, 
in  exploding  that  moiflure,  (battered  them,  f  See  page  41  c.) 
Part  went  through  or  under  the  foundation,  and  got  under 
the  hearth,  blowing  up  great  part  of  the  bricks  f m )  (j 
and  producing  the  other  effeds  (0)  (p)  (q)  (r).  The 
iron  dogs,  loggerhead  and  iron  pot  were  not  hurt,  being  of 
fufflcient  fubftance,  and  they  probably  proteded  the  cat. 
The  copper  tea  kettle  being  thin,  differed  feme  damage* 
Perhaps,  tho’  found  on  a  found  part  of  the  hearth,  it  might 
at  the  time  of  the  ftroke  have  ftood  on  the  part  blown  up3 
which  will  account  both  for  the  bruiting  and  inching. 

That  it  ran  down  the  infide  of  the  chimney  (k)  I  appre¬ 
hend  muff  be  a  miftake.  Had  it  done  fo,  I  imagine  it 
would  have  brought  fomething  more  than  foot  with  it*  it 
would  probably  have  ripp’d  off  the  pargetting,  and  brought 
down  fragments  of  pi  aider  and  bricks.  The  fhake,  from  the 
explofion  on  the  rod,  was  fufficient  to  (hake  down  a  good 
deal  of  loofe  foot.  Lightning  does  not  ufually  enter  houfes 
by  the  doors,  Windows,  or  chimneys,  as  open  paffages,  in  the 
manner  that  air  enters  them:  Its  nature  is,  to  be  attraded  by  - 
fubftances,  that  are  condudors  of  eledricity;  it  penetrates  and 
paffes  in  them,  and,  if  theyare  notgopd  condudors,  as  are  nei¬ 
ther 
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ther  wood,  brick,  ftone  nor  plaifter,  it  is  apt  to  rend  them 
in  its  paffage.  It  would  not  eafily  pafs  thro’  the  air  from 
a  cloud  to  a  building,  were  it  not  for  the  aid  afforded  it  in 
its  paffage  by  intervening  fragments  of  clouds  below  the 

main  body*  or  by  the  falling  rain. 

It  is  faid  that  the  houfe  was  filled  with  its  flap  (l).  Ex- 
preffions  like  this  are  common  in  accounts  of  the  effeds  of 
lightning,  from  which  we  are  apt  to  underftand  that  the 
lightning  filled  the  houfe.  Our  language  indeed  feems  to 
want  a  word  to  exprefs  the  light  of  lightning  as  diftind 
from  the  lightning  itfelf.  When  a  tree  on  a  hill  is  ftruck 
by  it,  the  lightning  of  that  ftroke  exifts  only  in  a  narrow 
vein’ between  the  cloud  and  tree,  but  its  light  fills  a  vaft 
fpace  many  miles  round ;  and  people  at  the  greateft  dift- 
ance  from  it  are  apt  to  fay,  “  the  lightning  came  into  our 
rooms  through  our  windows.”  As  it  is  in  itfelf  extreamly 
bright,  it  cannot,  when  fo  near  as  to  ftrike  a  houfe,  fail 
illuminating  highly  every  room  in  it  through  the  windows; 
and  this  I  fuppofe  to  have  been  the  cafe  at  Mr.  Marne  s ; 
and  that,  except  in  and  near  the  hearth,  from  the  caufes 
abovementioned,  it  was  not  in  any  other  part  of  the  houfe; 
the  flap  meaning  no  more  than  the  light  of  the  lightning.— 
It  is  for  want  of  confidering  this  difference,  that  people 
fuppofe  there  is  a  kind  of  lightning  not  attended  with 
thunder.  In  fad  there  is  probably  a  loud  explofion  accom¬ 
panying  every  fiafh  of  lightning,  and  at  the  fame  inflantr- 

but  as  found  travels  flower  than  light,  we  often  hear  the 

■  “  . .  fpund 


found  fotne  feconds  of  time  after  having  feen  the  light; 
and  as  found  does  not  travel  fo  far  as  light,  we  fometimes 
fee  the  light  at  a  diftance  too  great  to  hear  the  found. 

(n)  The  breaking  fame  pieces  of  china  in  the  beaufet , 

may  neverthelefs  feem  to  indicate  that  the  lightning  was 
there :  But  as  there  is  no  mention  of  its  having  hurt  any 
part  of  the  beaufet,  or  of  the  walls  of  the  houfe,  I  fhould 
rather  afcribe  that  eflfedt  to  the  concuffion  of  the  air,  or 
fhake  of  the  houfe  by  the  explofion. 

Thus,  to  me  it  appears,  that  the  houfe  and  its  inhabitants 
were  faved  by  the  rod,  though  the  rod  itfelf  was  unjointed 
by theftroke ;  and  that,  if  it  had  been  made  of  one  piece,  and 
funk  deeper  in  the  earth,  or  had  entered  the  earth  at  a  greater 
diftance  from  the  foundation,  the  mentioned  fmall  damages 
(except  the  melting  of  the  points)  would  not  have  happened. 


letter  xli. 

I  .  *  \ 

Saturday,  July  3,  1762. 

TO  try,  at  the  requeft  of  a  friend,  whether  amber 
finely  powdered  might  be  melted  and  run  together 
again  by  means  of  the  eledtric  fluid,  I  took  a  piece  of 
fmall  glafs  tube  about  zi  inches  long,  the  bore  about  '-h  of 
an  inch  diameter,  the  glafs  itfelf  about  the  fame  thicknefs; 

I  introduced  into  this  tube  fome  powder  of  amber,  and 
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with  two  pieces  of  wire  nearly  fitting  the  bore,  one  in-- 
ferted  at  one  end,  the  other  at  the  other,  I  rammed  the 
powder  hard  between  them  in  the  middle  of  the  tube, 
where  it  ftuck  fad,  and  was  in  length  about  half  an  inch. 
Then  leaving  the  wires  in  the  tube,  I  made  them  part  of 
the  eledlric  circuit,  and  difcharged  through  them  three 
rows  of  my  cafe  of  bottles.  The  event  was,  that  the 
glafs  was  broke  into  very  fmall  pieces  and  thofe  difperfed 
with  violence  in  all  diredions.  As  I  did  not  expedfc  this, 
I  had  not,  as  in  other  experiments,  laid  thick  paper  over 
the  glafs  to  fave  my  eyes,  fo  feveral  of  the  pieces  ftruck 
my  face  fmartly,  and  one  of  them  cut  my  lip  a  little  fo  as 
to  make  it  bleed.  I  could  find  no  part  of  the  amber;  but 
the  table  where  the  tube  lay  was  ftained  very  black  in 
fpots,  fuch  as  might  be  made  by  a  thick  fmoke  forced  on 
it  by  a  blaft,  and  the  air  was  filled  with  a  ftrong  fmell, 
fomewhat  like  that  from  burnt  gunpowder.  Whence  I 
imagined,  that  the  amber  was  burnt,  and  had  exploded  as 
gunpowder  would  have  done  in  the  fame  circumftances. 

That  I  might  better  fee  the  effect  on  the  amber,  I  made 
the  next  experiment  in  a  tube  formed  of  a  card  rolled  up 
and  bound  ftrongly  with  packthread.  Its  bore  was  about 
i  of  an  inch  diameter.  I  rammed  powder  of  amber  into 
this  as  I  had  done  in  the  other,  and  as  the  quantity  of 
amber  was  greater,  I  increafed  the  quantity  of  eledtric 
fluid,  by  difcharging  through  it  at  once  5  rows  of  my 
bottles*  On  opening  the  tube,  I  found  that  fome  of  the 

powder 
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powder  had  exploded,  an  impreflion  was  made  on  the 
tube  though  it  was  not  burft,  and  moft  of  the  powder  re¬ 
maining  was  turned  black,  which  I  fuppofe  might  be  by 
the  fmoke  forced  through  it  from  the  burnt  part  :  Some 
of  it  was  hard ;  but  as  it  powdered  again  when  preffed  by 
the  fingers,  I  fuppofe  that  hardnefs  not  to  arife  from  melt¬ 
ing  any  parts  in  it,  but  merely  from  my  ramming  the  pow¬ 
der  when  I  charged  the  tube. 

B.  F. 


LETTER  XLII. 

,  _  ,  /  ' 

I  _ 

To  the  Rev.  Father  Beccaria. 

■  / 

Rev.  SIR ,  London^  July  13,  1762® 

I  Once  promifed  myfelf  the  pleafure  of  feeing  you  at 
Turiny  but  as  that  is  not  now  likely  to  happen,  being 
juft  about  returning  to  my  native  country,  America ,  I  fit 
down  to  take  leave  of  you  (among  others  of  my  European 
friends  that  I  cannot  fee)  by  writing, 

I  thank  you  for  the  honourable  mention  you  have  fa 
frequently  made  of  me  in  your  letters  to  Mr.  Collinfon  and 
others,  for  the  generous  defence  you  undertook  and  exe- 
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cuted  with  fo  much  fuccefs,  of  my  eiedtrical  opinions ;  and 
for  the  valuable  prefen  t  you  have  made  me  of  your  new 
work,  from  which  I  have  received  great  information  and 
pleafure.  I  with  I  could  in  return  entertain  you  with  any 
thing  new  of  mine  on  that  fubject ;  but  I  have  not  lately 
purfued  it.  Nor  do  I  know  of  any  one  here  that  is  at  pre~ 
fent  much  engaged  in  it. 

Perhaps,  however,  it  may  be  agreeable  to  you,  as  you 
live  in  a  mufical  country,  to  have  an  account  of  the  new 
inftrument  lately  added  here  to  'the  great  number  that 
charming  fcience  was  before  poffeffed  of:— — As  it  is  an 
inftrument  that  feems  peculiarly  adapted  to  Italian  mufic, 
efpecially  that  of  the  foft  and  plaintive  kind,  I  will  en¬ 
deavour  to  give  you  fuch  a  defcription  of  it,  and  of  the 
manner  of  conftruding  it,  that  you,  or  any  of  your  friends, 
may  be  enabled  to  imitate  it,  if  you  incline  fo  to  do,  with- 
•  out  being  at  the  expence  and  trouble  of  the  many  experi¬ 
ments  I  have  made  in  endeavouring  to  bring  it  to  its  prefent 
perfection. 

You  have  doubtlefs  heard  the  fweet  tone  that  is  drawn 
from  a  drinking  glafs,  by  paffing  a  wet  finger  round  its 
brim.  One  Mr,  Puckeridge ,  a  gentleman  from  Ireland , 
was  the  firft  who  thought  of  playing  tunes,  formed  of  thefe 
tones.  He  collected  a  number  of  glaffes  of  different  fizes, 
fixed  them  near  each  other  on  a  table,  and  tuned  them  by 
putting  into  them  water,  more  or  lefs,  as  each  note  required. 
The  tones  were  brought  out  by  paffing  his  fingers  round 

their 
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their  brims.— He  was  unfortunately  burnt  here,  with  his 
inftrument,  in  a  fire  whicli  confirmed  the  Louie  jug  lived  in. 
Mr.  E.  Del  aval,  a  moil  ingenious  member  of  our  Royal 
Society,  made  one  in  imitation  of  it,  with  a  better  choice 
and  form  of  glaffes/  which  was  the  fir  id  I  faw  or  heard. 
Being  charmed  with  the  fweetnefs  of  its  tones,  and  tho 
mufic  he  produced  from  it,  I  wiihed  only  to  fee  the  glaffes 
difpofed  in  a  more  convenient  form,  and  brought  together 
in  a  narrower  compafs,  fo  as  to  admit  or  a  greater  numoer 
of  tones,  and  all  within  reach  of  hand  to  a  perfon  fitting 
before  the  inftrument,  which  I  accomplifhed,  after  various 
intermediate  trials,  and  lets  commodious  forms,  both  of 
glaffes  and  conftrudtion,  in  the  following  manner.^ 

The  glaffes  are  blown  as  near  as  pof- 
fible  in  the  form  of  hemifpheres,  hav¬ 
ing  each  an  open  neck  or  focket  in  the 
middle.  The  thickneis  of  the  glais 
near  the  brim  about  a  tenth  of  an  inch, 
or  hardly  quite  fo  much,  but  thicker 
as  it  comes  nearer  the  neck,  which  in  the  largeft  glaffes  is 
about  an  inch  deep,  and  an  inch  and  half  wide  within, 
thefc  dimenfions  leffening  as  the  glaffes  themfelves  diminifh 
in  fize,  except  that  the  neck  of  the  fmalleft  ought  not  to 
be  (hotter  than  half  an  inch.  —  Fne  largeft  glafs  is  nine 
inches  diameter,  and  the  fmalleft  three  inches.  Between 
thefe  there  are  twenty-three  different  iizes,  differing  from 
each  other  a  quarter  of  an  inch  in  diameter,  —  10  make 
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a  Angle  inflrument  there  fhould  be  at  leaf!:  fix  glafles  blown 
of  each  fize ;  and  out  of  this  number  one  may  probably 
pick  37  glafles,  (which  are  fufficient  for  3  octaves  with  all 
the  femitones)  that  will  be  each  either  the  note  one  wants 
or  a  little  (harper  than  that  note,  and  all  fitting  fo  well 
into  each  other  as  to  taper  pretty  regularly  from  the  larged; 
to  the  finalleft.  It  is  true  there  are  not  37  fizes,  but  it 
often  happens  that  two  of  the  fame  fize  differ  a  note 
or  half  note  in  tone,  by  reafon  of  a  difference  in 
thicknefs,  and  thefe  may  be  placed  one  in  the  other 
without  fenfibly  hurting  the  regularity  of  the  taper  form. 

The  glafles  being  chofen  and  every  one  marked  with  a 
diamond  the  note  you  intend  it  for,  they  are  to  be  tuned 
by  diminifhing  the  thicknefs  of  thofe  that  are  too  fharp. 
This  is  done  by  grinding  them  round  from  the  neck  to¬ 
wards  the  brim,  the  breadth  of  one  or  two  inches  as  may 
be  required;  often  trying  the  glafs  by  a  well  tuned  harpfi- 
chord,  comparing  the  tone  drawn  from  the  glafs  by  your 
finger,  with  the  note  you  want,  as  founded  by  that  firing 
of  the  harpfichord.  When  you  come  near  the  matter,  be 
careful  to  wipe  the  glafs  clean  and  dry  before  each  trial, 
becaufe  the  tone  is  fomething  flatter  when  the  glafs  is  wet, 
than  it  will  be  when  dry;  —  and  grinding  a  very  little  be¬ 
tween  each  trial,  you  will  thereby  tune  to  great  exadtnefs. 
The  more  care  is  neceffary  in  this,  becaufe  if  you  go  be¬ 
low  your  required  tone,  there  is  no  (harpening  it  again 
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but  by  grinding  fomewhat  off  the  brim,  which  will  after¬ 
wards  require  poliihing,  and  thus  encreafe  thw  tiouole. 

The  glaffes  being  thus  tuned,  you  are  to  be  provided 
with  a  cafe  for  them,  and  a  fpindle  on  which  they  are  to 
be  fixed.  My  cafe  is  about  three  feet  long,  eleven  inches 
every  way  wide  within  at  the  biggeft  end,  and  five  inches 
at  the  fmalleft  end  5  for  it  tapers  all  the  way,  to  adapt  it 
better  to  the  conical  figure  of  the  fet  of  glaffes.  This  cafe 
opens  in  the  middle  of  its  height,  and  the  upper  part  turns 
tip  by  hinges  fixed  behind.  The  fpindle  which  is  of  hard 
iron,  lies  horizontally  from  end  to  end  of  the  box  within, 
exactly  in  the  middle,  and  is  made  to  turn  on  brafs  gud¬ 
geons  at  each  end.  It  is  round,  an  inch  diameter  at  the 
thickeft  end,  and  tapering  to  a  quarter  of  an  inch  at  the 

fmalleft _ A  fquare  (hank  comes  from  its  thickeft  end 

through  the  box',  on  which  (bank  a  wheel  is  fixed  by  a 
fcrew.  This  wheel  ferves  as  a  fly  to  make  the  motion 
equable,  when  the  fpindle,  with  the  glaffes,  is  turned  by  the 
foot  like  a  fpinning  wheel.  My  wheel  is  of  mahogany, 

1 8  inches  diameter,  and  pretty  tnick,  fo  as  to  conceal  near 
its  circumference  about  251b  of  lead.  — An  ivory  pin  is 
fixed  in  the  face  of  this  wheel  and  about  4  inches  from 
the  axis.  Over  the  neck  of  this  pin  is  put  the  loop  of  the 
firing  that  comes  up  from  the  moveable  ftep  to  give  it 
motion.  The  cafe  ftands  on  a  neat  frame  with  four  legs. 

To  fix  the  glaffes  on  the  fpindle,  a  cork  is  firft  to  be 

fitted  in  each  neck  pretty  tight,  and  proje&ing  a  little 

without 
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without  the  neck,  that  the  neck  of  one  may  not  touch  the 
infide  of  another  when  put  together,  for  that  would  make 
a  jarring.  _  Thefe  corks  are  to  be  perforated  with  holes 
of  different  diameters,  fo  as  to  fuit  that  part  of  the  fpindle 
on  which  they  are  to  be  fixed.  When  a  glafs  is  put  on, 
bv  holding  it  ftiffiy  between  both  hands,  while  another 
turns  the  fpindle,  it  may  be  gradually  brought  to  its  place. 
But  care  muff  be  taken  that  the  hole  be  not  too  fmall, 
left  in  forcing  it  up  the  neck  fihould  fplit ;  nor  too  large, 
left  the  glafs  not  being  firmly  fixed,  fhouid  turn  or  move 
on  the  fpindle,  fo  as  to  touch  and  jar  againft  its  neighbour¬ 
ing  glafs.  The  glaffes  thus  are  placed  one  in  another,  the 
large  ft  on  the  biggeft  end  of  the  fpindle  which  is  to  the 
left  hand ;  the  neck  of  this  glafs  is  towards  the  wheel,  and 
the  next  goes  into  it  in  the  fame  pofition,  only  about  an 
inch  of  its  brim  appearing  beyond  the  brim  of  the  firft ; 
thus  proceeding,  every  glafs  when  fixed  fhows  about  an 
inch  of  its  brim,  (or  three  quarters  of  an  inch,  or  half  an 
inch,  as  they  grow  fmaller)  beyond  the  brim  of  the  glafs 
that  contains  it ;  and  it  is  from  thefe  expofed  parts  of  each 
glafs  that  the  tone  is  drawn,  by  laying  a  finger  upon  one  of 
them  as  the  fpindle  and  glaffes  turn  round. 

My  largeft  glafs  is  G  a  little  below  the  reach  of  a  com¬ 
mon  voice,  and  my  higheft  G,  including  three  compleat 
odlaves.  —  To  diftinguifh  the  glaffes  the  more  readily  to 
the  eye,  I  have  painted  the  apparent  parts  of  the  glaffes 
within  fide,  every  femitone  white,  and  the  other  notes  of 

the 
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the  odtave  with  the  feven  prifmatic  colours,  viz.  C,  red  j 
D,  orange  5  E,  yellow ;  F,  green ;  G,  blue ;  A,  Indigo  j 
B,  purple  ;  and  C,  red  again ;  —  fo  that  glaffes  of  the  fame 

colour  (the  white  excepted)  are  always  0 (Slaves  to  each 

/ 

other* 

This  inftrument  is  played  upon,  by  fitting  before  the 
middle  of  the  fet  of  glaffes  as  before  the  keys  of  a  harpfi- 
chord,  turningthem  with  the  foot,  and  wetting  them  now  and 
■  then  with  a  fpunge  and  clean  water.  The  fingers  Ihould  be 
'  firft  a  little  foaked  in  water  and  quite  free  from  all  greafinefs; 
a  little  fine  chalk  upon  them  is  fometimes  ufeful,  to  make 
them  catch  the  glafs  and  bring  out  the  tone  more  readily. 

Both  hands  are  ufed,  by  which  means  different  parts  are 
played  together.— Obferve,  that  the  tones  are  beft  drawn 
out  when  the  glaffes  turn  Jr  ora  the  ends  of  the  fingers,  not 
when  they  turn  to  them. 

The  advantages  of  this  inftrument  are,  that  its  tones  are 
incomparably  fweet  beyond  thofe  of  any  other-  that 
they  may  be  fwelled  and  foftened  at  plealure  by  ftronger 
or  weaker  preffures  of  the  finger,  and  continued  to  any 
length ;  and  that  the  inftrument,  being  once  well  tuned, 
never  again  wants  tuning. 

In  honour  of  your  mufical  language,  I  have  borrowed 

s 

from  it  the  name  of  this  inftrument,  calling  it  the  Annonica » 

With  great  efteem  and  refpedtj  I  am,  &c* 

,  L  1 1  LET- 
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LETTER  XLIII. 

From  Profeffor  Winthrop,  to  B.  F. 

I 

SIR ,  Cambridge ,  N.  E.  Sept  29,  1762. 

THERE  is  an  obfervation  relating  to  eledtricity  in 
the  atmofphere,  which  feemed  new  to  me,  though 
perhaps  it  will  not  to  you :  However,  I  will  venture  to 
mention  it.  I  have  fome  points  on  the  top  of  my  houfe, 
and  the  wire  where  it  paffes  within-fide  the  houfe  is  fur- 
11  idled  with  bells,  according  to  your  method,  to  give  no¬ 
tice  of  the  paffage  of  the  eledfric  fluid.  In  fummer,  thefe 
bells  generally  ring  at  the  approach  of  a  thunder  cloud  ; 
but  ceafe  foon  after  it  begins  to  rain.  In  winter,  they 
fometimes,  though  not  very  often,  ring  .while  it  is  Slow¬ 
ing;  but  never,  that  I  remember,  when  it  rains.  But 
what  was  unexpected  to  me  was,  that,  though  the  bells 
had  not  rung  while  it  was  fnowing,  yet  the  next  day, 
after  it  had  done  fnowing,  and  the  weather  was  cleared  up  ; 
while  the  fnow  was  driven  about  by  a  high  wind  at  W. 
or  N.  W.  the  bells  rung  for  feveral  hours  (though  with 
little  intermiffions)  as  brifkly  as  ever  I  knew  them,  and  I 
drew  confiderable  fparks  from  the  wire.  This  phenome¬ 
non  I  never  obferved  but  twice;  viz.  on  the  31ft  of 
January  ^  1760,  and  the  3d  of  March ,  1762. 

I  am.  Sir,  &c. 


LET- 


on  Philofophkai  SuhjeBs *  43 S 

i 

LETTER  XLIV . 

'  * 


To  a  Friend. 


Dear  SIR)  July  20,  1762*’ 

I  Have  perufed  your  paper  on  found,  and  would  freely 
mention  to  you,  as  you  defire  it,  every  thing  that 
appeared  to  me  to  need  correction  •  But  nothing  of  that 
kind  occurs  to  me,  unlefs  it  be,  where  you  fpeak  of  the 
air  as  cc  the  bejl  medium  for  conveying  found.”  Perhaps 
this  is  fpeaking  rather  too  pofitively,  if  there  be,  as  I 
think  there  are,  fome  other  mediums  that  will  convey  it 
farther  and  more  readily.  —  It  is  a  well-known  experi- 

1 

ment,  that  the  feratching  of  a  pin  at  one  end  of  a  long 
piece  of  timber,  may  be  heard  by  an  ear  applied  near  the 
other  end,  though  it  could  not  be  heard  at  the  fame 
diftance  through  the  air*  — And  two  Hones  being  ftruck 
fmartly  together  under  water,  the  ftroke  may  be  heard  at 
a  greater  diftance  by  an  ear  alfo  placed  under  water  in  the 
fame  river,  than  it  can  be  heard  through  the  air.  I  think 
I  have  heard  it  near  a  mile  $  hew  much  farther  it  may  be 
heard,  I  know  not  ;  but  fuppofe  a  great  deal  farther,  be- 
caufe  the  found  did  not  feerii  faint,  as  if  at  a  diftancCi  like 
diftant  founds  through  air,  but  fmart  and  ftrong,  and  as  if 
prefent  juft  at  the  ear.— ~ I  wifh  you  would  repeat  thefe 

LI  1  2  expe^ 
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*  .  ,  _  - 

experiments  now  you  are  upon  the  fobjeQ^  wm  add  your 
own  bbfervations,  —  And  if  you  were  to  repeat,  with 
your  naturally  ex.a£t  attention  and  obfcrvation^  the  com* 
moo  experiment  of  the  MI  in  the  exhauficd  recoker, 
poffibly  focnethtng  new  may  occur  to  you*  m  confidering» 

1.  Whether  the  experiment  is  not  ambiguous  $  L  e* 
whether  the  gradual  exhaufting.  of  the  air,  as  it  creates  an 
increafing  difference  oi  preffure  on  tne  outfide,  may  not 
occafion  in  the  glafs  a  difficulty  of  vibrating,  that  renders 
it  lefs  fit  to  communicate  to  the  air  without,  the  vibrations 
that  ftrike  it  from  within ;  and  the  diminution  of  the 
found  arife  from  this  came,  rather  than  from  the  diminu¬ 
tion  of  the  air  ? 

2.  Whether  as  the  particles  of  air  themfelves  are  at  a 
difiance  from  each  other,  there  muft  not  be  fome  medium 
between  them,  proper  for  conveying  found,  fince  other- 
wife  it  would  flop  at  the  firft  particle  ? 

3.  Whether  the  great  difference  we  experience  in  hear¬ 
ing  founds  at  a  diftance,  when  the  wind  blows  towards  us 
from  the  fonorous  body,  or  towards  that  from  us,  can  be 
well  accounted  for  by  adding  to  or  fubftra&irig  from  the 
fwiftnefs  of  found,  the  degree  of  fwiftnefs  that  is  in  the 
wind  at  the  time  ?  The  latter  is  fo  fmall  in  proportion, 
that  it  feems  as  if  it  could  fcarce  produce  any  fenfible 
effeft,  and  yet  the  difference  is  very  great.  Does  not  this 
give  fome  hint,  as  if  there  might  be  a  fubtile  fluid,  the 
conductor  of  found,  which  moves  at  different  times  in 

different  directions  over  the  furface  of  the  earth,  and 

whofe 
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who fe  motion  may  perhaps  be  much  fwifter  than  that  of 

the  air  in  our  ftrongeft  winds  $  and  that  in  paffing  through 
air,  it  may  communicate  that  motion  to  the  air  which  we 
call  wind,  though  a  motion  in  no  degree  fo  fwift  as  its 
own  ? 

4.  It  is  fomewhere  related,  that  a  piftol  fired  on  the 
top  of  an  exceeding  high  mountain,  made  a  noifelike  thun¬ 
der  in  the  valleys  below.  Perhaps  this  fadt  is  not  exadtly 
related:  but  if  it  is,  would  not  one  imagine  from  it,  that 
the  rarer  the  air,  the  greater  found  might  be  produced  in  it 
from  the  fame  caufe  ? 

5.  Thofe  balls  of  fire  which  are  fometimes  feen  paffing 
over  a  country,  computed  by  philofophers  to  be  often  30 
miles  high  at  lead,  fometimes  burft  at  that  height;  the  air 
muft  be  exceeding  rare  there,  and  yet  the  explofion  produ¬ 
ces  a  found  that  is  heard  at  that  diftance,  and  for  70  miles 
round  on  the  furface  of  the  earth,  fo  violent  too  as  to  fhake 
buildings,  and  give  an  apprehenfion  of  an  earthquake.  Does 
not  this  look  as  if  a  rare  atmofphere,  almoft  a  vacuum, 
was  no  bad  conductor  of  found? 

I  have  not  made  up  my  own  mind  on  thefe  points,  and 
only  mention  them  for  your  confideration,  knowing  that 
every  fubjedt  is  the  better  for  your  handling  it. 

With  the  greatefl  efleem,  I  am,  &c,  B.  F* 


LET- 
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LETTER  XLV. 

To  Dr.  P.  in  London. 

-  •  ,  '•  '•  .  ‘  .  N  '  I  *  • 

'  ‘  -  ;  '  I 

SIR,  Philadelphia ,  Dec .  I,  iy6Zt 

DURING  our  paffage  to  Madeira,  the  weather  hew¬ 
ing  warmj  and  the  cabbin  windows  conftantly  open 
for  the  benefit  of  the  air,  the  candles  at  night  flared  and 
run  very  much,  which  was  an  inconvenience.  At  Madeira 
we  got  oil  to  burn,  and  with  a  common  glafs  tumbler  or 
beaker,  flung  in  wire,  and  fufpended  to  the  deling  of  the 
cabbin,  and  a  little  wire  hoop  for  the  wick,  furnifh’d  with 
corks  to  float  on  the  oil,  I  made  an  Italian  lamp,  that  gave 
us  very  good  light  all  over  the  table.— The  glafs  at  bottom 
contained  water  to  about  one  third  of  its  height ;  another 
third  was  taken  up  with  oil  1  the  reft  was  left  empty  that 
the  Tides  of  the  glafs  might  prated  the  flame  from  the 
wind.  There  is  nothing  remarkable  in  all  this  3  but  what 
follows  Is  particular.  At  flipper,  looking  on  the  lamp,  I  re¬ 
marked  that  tho’  the  fur  face  of  the  oil  was  perfectly  tranquil* 
and  duly  preferved  its  pofition  and  diftance  with  regard  to 
the  brim  of  the  glafs,  the  water  under  the  oil  was  in  great 
commotion,  rifing  and  falling  in  irregular  waves,  which 

continued 
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continued  during  the  whole  evening.  The  lamp  was  kept 

V 

burning  as  a  watch  light  all  night,  till  the  oil  was  fpent, 
and  the  water  only  remain’d.  In  the  morning  I  obferved, 
that  though  the  motion  of  the  fhip  continued  the  fame,  the 
water  was  now7  quiet,  and  its  furtace  as  tranquil  as  that  ox  the 
oil  had  been  the  evening  before.  At  night  again,  when  oil 
was  put  upon  it,  the  water  refum’d  its  irregular  motions, 
rifing  in  high  waves  almoft  to  the  furface  of  the  oil,  but 
without  diflurbing  the  fmooth  level  of  that  furface.  And 
this  was  repeated  every  day  during  the  voyage. 

Since  my  arrival  in  America,  I  have  repeated  the  experi¬ 
ment  frequently  thus.  I  have  put  a  pack-thread  round  a 
tumbler,  with  firings  of  the  fame,  from  each  fide,  meeting 
above  it  in  a  knot  at  about  a  foot  diftance  from  the  top  of 
the  tumbler.  Then  putting  in  as  much  water  as  would 
fill  about  one  third  part  of  the  tumbler,  I  lifted  it  up  by 
the  knot,  and  fwung  it  to  and  fro  in  the  air;  when  the 
the  water  appeared  to  keep  its  place  in  the  tumbler  as  ftea- 
di!y  as  if  it  had  been  ice.— But  pouring  gently  in  upon  the 
water  about  as  much  oil,  and  then  again  fwinging  it  in  the 
air  as  before,  the  tranquility  before  poffeffed  by  the  water, 
was  transferred  to  the  furface  of  the  oil,  and  the  water  under 
it  was  agitated  with  the  fame  commotions  as  at  fea. 

I  have  fhewn  this  experiment  to  a  number  of  ingenious 
perfons.  Thofe  who  are  but  ilightly  acquainted  with  the 
principles  of  hydroftatics,  &c.  are  apt  to  fancy  immedi¬ 
ately  that  they  underftand  it,  and  readily  attempt  to  explain 

it; 


I 


I 


ii0  Letters  and  Papers 

it;  but  their  explanations  have  been  different,  ana  to  ms 
not  very  intelligible.-— Others  more  deeply  Aid'd  in  thofe 
principles,  feetn  to  wonder  at  it,  and  promite  to  confider 
it.  And  I  think  it  is  worth  confidering :  For  a  new  appear¬ 
ance,  if  it  cannot  be  explain’d  by  our  old  principles,  may 
afford  us  new  ones,  of  ufe  perhaps  in  explaining  fome  other 

obfcure  parts  of  natural  knowledge. 

I  am,  &c.  B.  I'. 

*  W„  •  '  ’  ’>  ■  V  i  v’  I 

.  .  .  —  ■  f-  • !  • 
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LET  ter  xlvi. 

v  ‘  ;  .  \  * 

From  Mr.  A.  S.  to  B.  F, 


I  Have  juft  recolleded  that  in  one  of  our  great  ftorms  of 
lightning,  I  faw  an  appearance,  which  I  never  obferved 
before,  nor  ever  heard  defcribed.  I  am  perfuaded  that  I 
faw  the  flafh  which  ftruck  Sc,  Bride  s  fteeple.  Sitting  at 
my  Window,  and  looking  to  the  north,  I  faw  what  appear¬ 
ed  to  me  a  folid  ftreight  rod  of  fire,  moving  at  a  very  fharp 
angle  with  the  horizon.  It  appeared  to  my  eye  as  about 
two  inches  diameter,  and  had  nothing  or  the  z;g-zag  light- 

sing  motion.  I  inftantly  told  a  perfon  fitting  with  me,  that 

fomg 
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fome  place  muft  be  ftruck  at  that  inftant.'  1  was  fo  much 
furprized  at  the  vivid  diftindt  appearance  of  the  fire,  that  I 
did  not  hear  the  clap  of  thunder,  which  ftunned  every  one 
befides.  Confidering  how  low  it  moved,  I  could  not  have 
thought  it  had  gone  fo  far,  having  St.  Martin's,  the  New 
Church,  and  St.  Clement's  fteeples  in  its  way.  It  ftruck 
the  fteeple  a  good  way  from  the  top,  and  the  firft  impreffion 
it  made  in  the  fide  is  in  the  fame  direction  I  faw  it  move 
in.  It  was  fucceeded  by  two  dailies,  aim  oft  united,  mov¬ 
ing  in  a  pointed  diredlion.  There  were  two  diftindt  houfes 
ftruck  in  Efifex  ftreet.  I  fhould  have  thought  the  rod 
would  have  fallen  in  Covent  Garden,  it  was  fo  low.  Perhaps 
the  appearance  is  frequent,  though  never  before  feen  by 

Tours,  A.  So 


L  E  T  T  E  R  XLVIL 

•  \  ^ 

..  ^  i 

To  Mr.  P.  F.  Newport, 

,,  - ■  You  may  acquaint  the  gentleman  that  defired 

you  to  enquire  my  opinion  of  the  beft  method  of  fecuring 
a  powder  magazine  from  lightning,  that  I  think  they  can- 

M  m  m  not 
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not  do  better  than  to  eredt  a  mall  not  far  from  it,  which  may 
reach  15  or  20  feet  above  the  top  of  it,  with  a  thick  iron 
rod  in  one  piece  faftened  to  it,  pointed  at  the  higheft  end, 
and  reaching  down  through  the  earth  til!  it  comes  to  water. 
Iron  is  a  cheap  metal ;  but  if  it  were  dearer,  as  this  is  a 
publick  thing,  the  expence  is  infignificant ;  therefore  I 
would  have  the  rod  at  lead:  an  inch  thick,  to  allow  for  its 
gradually  wafting  by  raft;  it  will  laft  as  long  as  the  maft, 
and  may  be  renewed  with  it.  The  {harp  point  for  five  or 
fix  inches  fiiould  be  gilt. 

But  there  is  another  circumftance  of  importance  to  the 
ftrength,  goodnefs  and  ufefulnefs  of  the  powder,  which 
does  not  feem  to  have  been  enough  attended  to :  I  mean  the 
keeping  it  perfedly  dry.  For  want  of  a  method  of  doing 
this,  much  is  fpoilt  in  damp  magazines,  and  much  fo  da¬ 
maged  as  to  become  of  little  value.  If  inftead  of  barrels 
it  were  kept  in  cafes  of  bottles  well  cork  d ;  or  in  large  tin 
canifters,  with  fmall  covers  Glutting  clofe  by  means  of  oil’d 
paper  between,  or  covering  the  joining  on  the  canifter;  or 
if  in  barrels,  then  the  barrels  lined  with  thin  fheet  lead;  no 
moifture  in  either  of  thefe  methods  could  poffibly  enter  the 
powder,  fince  glafs  and  metals  are  both  impervious  to 

water. 

By  the  latter  of  thefe  means  you  fee  tea  is  brought  dry 

and  crifp  from  China  to  Europe,  and  thence  to  America,  tho’ 

it  comes  all  the  way  by  fea  in  the  damp  hold  of  a  fhip. 

And 
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And  by  this  method,  grain,  meal,  &c.  if  well  dry’d  before 
5tis  put  up,  may  be  kept  for  ages  found  and  good. 

There  is  another  thing  very  proper  to  line  fmall  barrels 
with 3  it  is  what  they  call  tin-foil,  or  leaf-tin,  being  tin 
mill’d  between  rollers  till  it  becomes  as  thin  as  paper,  and 
more  pliant,  at  the  fame  time  that  its  texture  is  extreamly  clofe. 
It  may  be  apply’d  to  the  wood  with  common  pafte,  made 
with  boiling  water  thicken’d  with  flour;  and,  fo  laid  on,  will 
lie  very  clofe  and  flick  well:  But  I  fhould  prefer  a  hard 
fticky  varnifh  for  that  purpoie,  made  of  linfeed  oil  much 
boil’d.  The  heads  might  be  lined  feparately,  the  tin  wrap¬ 
ping  a  little  round  their  edges.  The  barrel  while  the  lining 
is  laid  on,  fhould  have  the  end  hoops  flack,  fo  that  the 
ftaves  ftanding  at  a  little  diftance  from  each  other,  may  ad¬ 
mit  the  head  into  its  groove.  The  tin-foil  fhould  be 
plyed  into  the  groove.  Then  one  head  being  •  put 
in,  and  that  end  hoop’d  tight,  the  barrel  would  be  fit  to 
receive  the  powder,  and  when  the  other  head  is  put  in  and 
the  hoops  drove  up,  the  powder  would  be  fafe  from  moi- 
fture  even  if  the  barrel  were  kept  under  water.  This  tin-foil 
but  about  18  pence  fterling  a  pound,  and  is  fo  extreamly 
thin,  that  I  imagine  a  pound  of  it  would  line  three  or  four 
powder  barrels. 

I  am  &c.  B.  F. 


M  m  m  2 
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LETTER  XLVIII. 

To  Mifs  S - ».  «  Wmipai. 

Craven-Jlreety  May  17,  176a. 

1 

I  Send  my  dear  good  girl  the  books  I  mentioned  to  her 
laft  night.  I  beg  her  to  accept  them  as  a  fmall  mark, 
of  my  efteem  and  friendship.  They  are  written  in  the  fa¬ 
miliar  eafy  manner  for  which  the  French  are  fo  remarka¬ 
ble,  and  afford  a  good  deal  of  philofophic  and  pra&ical 
knowledge,  unembarras’d  with  the  dry  mathematics  ufed 
by  more  exadt  reafoners,  but  which  is  apt  to  difeourage 
young  beginners. —  I  would  advife  you  to  read  with  a  pen 
in  your  hand,  and  enter  in  a  little  book  fhort  hints  of  what 
you  find  that  is  curious,  or  that  may  be  ufeful ;  for  this 
will  be  the  befl:  method  of  imprinting  fuch  particulars  in 
your  memory,  where  they  will  be  ready,  either  for  practice 
on  fome  future  occafibn,  if  they  are  matters  of  utility;  or  at 
leaf!  to  adorn  and  improve  your  converfarion,  if  they  are 
rather  points  of  curiofity.  —  And,  as  many  of  the  terms  of 
fcience  are  fuch  as  you  cannot  have  met  with  in  your  com¬ 
mon  reading,  and  may  therefore  be  unacquainted  with,  I 
think  it  would  be  well  for  you  to  have  a  good  dictionary  at 
hand,  to  confult  immediately  when  you  meet  with  a  word 

you 
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yo  u  do  not  comprehend  the  precife  meaning  of.  This  may 
at  firft  feem  troublefome  and  interrupting;  but  ’tis  a  trouble 
that  will  daily  diminilh,  as  you  will  daily  find  lefs  and  lefs 
occafion  for  your  Didtionary  as  you  become  mom  ac¬ 
quainted  with  the  terms ;  and  in  the  mean  time  you  will 
read  with  more  fatisfadtion  becaufe  with  more  underftand- 
;ng_ _ When  any  point  occurs  in  which  you  would  be  glad 

to  have  farther  information  than  your  book  affords  you,  I 
beg  you  would  not  in  the  leaft  apprehend  that  I  Ihould 
think  it  a  trouble  to  receive  and  anfwer  your  queftions.  It 
will  be  a  pleafure,  and  no  trouble.  For  though  I  may 
not  be  able*,  out  of  my  own  little  ftock  of  knowledge  to 
afford  you  what  you  require,  I  can  eafily  diredt  you  to  the 
books  where  it  may  moll  readily  be  found.  Adieu,  and 
believe  me  ever,  my  dear  friend, 

Tours  affectionately, 

B.  Franklin. 


letter  xlix. 


To  the  fame. 

Craven-Jlreet,  June  1 1,  1760. 

I  S  a  very  fenfible  queffion  you  aflc,  how  the  air 

_  can  affedf  the  barometer,  when  its  opening  appears 

covered  with  wood?— If  indeed  it  was  fo  clofely  covered 

•  as 
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as  to  aamii  ox  no  communication  of  the  outward  air  to  the 
furface  of  the  mercury,  the  change  of  weight  in  the  air 
could  not  poffibly  affed  it.  But  the  leaft  crevice  is  fuffici- 
er.t  for  the  purpofe  •  a  pinhole  will  do  the  bufinefs.  And 
if  you  could  look  behind  the  frame  to  which  your  baro¬ 
meter  is  fixed,  you  would  certainly  find  fome  fmall 
opening. 

There  are  indeed  fome  barometers  in  which  the  body 
of  mercury  at  the  lower  end  is  contained  in  a  clofe  leather 
bag,  and  fo  the  air  cannot  come  into-  immediate  contad 
with  the  mercury;  yet  the  fame  effed  is  produced.  For 
the  leather  being  flexible,  when  the  bag  is  preffed  by  any 
additional  weight  of  air,  it  contrads,  and  the  mercury  is 
forced  up  into  the  tube;  when  the  air  becomes  lighter, 
and  us  preffuie  lefs,  the  weight  of  the  mercury  prevails 
and  it  defcends  again  into  the  bag. 

Your  obfervation  on  what  you  have  lately  read  concern¬ 
ing  infeds,  is  very  jufl  and  folid.  Superficial  minds  are 
apt  to  defpife  thofe  who  make  that  part  of  the  creation 
their  ftudy,  as  mere  triflers;  but  certainly  the  world  has 
been  much  obliged  to  them.  Under  the  care  and  manage¬ 
ment  of  man,  the  labours  of  the  little  Silkworm  afford 
employment  and  fubfiftence  to  thoufands  of  families,  and 
become  an  immenfe  article  of  commerce.  The  Bee,  too 
yields  us  its  delicious  honey,  and  its  wax  ufeful  to  a  multi¬ 
tude  of  purpofes.  ,  Another  infed,  it  is  faid,  produces  the 
Cochineal,  from  whence  we  have  our  rich  fcarlet  dye. 

The 
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The  ufefulnefs  of  the  Cantharides  or  Spanifn  flies,  in  medi¬ 
cine,  is  known  to  all,  and  thoufands  owe  their  lives  to  that 
knowledge.  By  human  induftry  and  obfervation,  other 
properties  of  other  infers  may  poffibly  be  hereafter  dif- 
covered,  and  of  equal  utility.  A  thorough  acquaintance 
with  the  nature  of  thefe  little  creatures,  may  alfo  enable 
mankind  to  prevent  the  increafe  of  fuch  as  are  noxious  or 
fecure  us  again  ft  the  mifehiefs  they  occafion.  Thefe 
things  doubtlefs  your  books  make  mention  of:  I  can  only 
add  a  particular  late  inftance  which  I  had  from  a  Swedifh 
gentleman  of  good  credit— In  the  green  timber  intended 
for  {hip -building  at  the  king’s  yards  in  that  country,  a  kind 
of  worms  were  found,  which  every  year  became  more  nu¬ 
merous  and  more  pernicious,  fo  that  the  (hips  were  greatly 
damaged  before  they  came  into  ufe.  The  king  fent  Lin¬ 
naeus,  the  great  naturalift,  from  Stockholm,  to  enquire  into 
the  affair,  and  fee  if  the  mifehief  was  capable  of  any  re¬ 
medy.  He  found,  on  examination,  that  the  worm  was 
produced  from  a  fmall  egg,  depofited  in  the  little  rough- 
neffes  on  the  furface  of  the  wood,  by  a  particular  kind  of 
fly  or  beetle ;  from  whence  the  worm,  as  foon  as  it  was 
hatch’d,  began  to  eat  into  the  fubftance  of  the  wood,  and 
after  fome  time  came  out  again  a  fly  of  the  parent  kind, 
and  fo  the  fpecies  increas’d.  The  feafon  in  which  the 
fly  laid  its  eggs,  Linnaeus  knew  to  be  about  a  fortnight  (I 
think)  in  the  month  of  May,  and  at  no  other  time  in  the 
year.  He  therefore  advis’d,  that  fome  days  before  that 

feafon 
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’  .  '  •  '  '  |  l 

feafon,  all  the  green  timber  fhould  be  thrown  into  the  wa- 

t  '■  ,  ,  , . 

ter,  and  kept  under  water  till  the  feafon  was  over.  Which 
being  done  by  the  king's  order,  the  flies  miffing  their 
ufual  nefts,  could  not  increafe ;  and  the  fpecies  was  either 
deftroyed  or  went  elfewhere  $  and  the  wood  v was  effectually 
preferved,  for  after  the  firft  year,  it  became  too  dry  and  hard 
for  their  purpofe. 

There  is,  however,  a  prudent  moderation  to  be  ufed  in 
ftudies  of  this  kind.  The  knowledge  of  nature  may  be 
ornamental,  and  it  may  be  ufefulj  but  if  to  attain  an  emi¬ 
nence  in  that,  we  negleCt  the  knowledge  and  practice  of 
eflential  duties,  we  deferve  reprehenfion.  For  there  is  no 
rank  in  natural  knowledge  of  equal  dignity  and  importance 
with  that  of  being  a  good  parent,  a  good  child,  a  good 
hufband,  or  wife,  a  good  neighbour  or  friend,  a  good  fub- 
jedt  or  citizen,  that  is,  in  fhort,  a  good  chriftian.  Nicholas 
Gimcrack,  therefore,  who  negleCted  the  care  of  his  family, 
to  purfue  butterflies,  was  a  juft  objeCt  of  ridicule,  and  we 
muft  give  him  up  as  fair  game  to  the  fatyrift. 

Adieu,  my  dear  friend*  and  believe  me  ever 

Tours  affectionately^ 

B.  Franklin, 


LB  T* 
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LETTER  L. 

To  the  fame* 

My  dear  Friend,  London,  Sept.  13,  1760, 

I  HAVE  your  agreeable  letter  from  Brijlol,  which  I  take 
this  firfl:  leifure  hour  to  anfwer,  having  for  fometime 

been  much  engaged  in  bufinefs. 

Your  firfl:  queftion,  What  is  the  reafon  the  water  at  this 

place,  though  cold  at  the  fpring,  becomes  warm  by  pumping  ? 
It  will  be  moft  prudent  in  me  to  forbear  attempting  to 
anfwer,  till,  by  a  more  circumftantial  account,  you  allure 
me  of  the  fail.  I  own  I  fhould  expedt  that  operation  to 
warm,  not  fo  much  the  water  pumped,  as  the  perfon  pump¬ 
ing. — The  rubbing  of  dry  folids  together,  has  been  long 
obferved  to  produce  heat ;  but  the  like  effedt  has  never  yet, 
that  I  have  heard,  been  produced  by  the  mere  agitation 
of  fluids,  or  fridtion  of  fluids  with  folids.  Water  in  a  bot¬ 
tle  lhook  for  hours  by  a  mill  hopper,  it  is  faid,  difcovered 
no  fenfible  addition  of  heat.  The  produdtion  of  animal 
heat  by  exereife,  is  therefore  to  be  accounted  for  in  another 
manner,  which  I  may  hereafter  endeavour  to  make  you  ac¬ 
quainted  with, 

N  n  n 


/ 


This 
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This  prudence  of  not  attempting  to  give  reafons  before 
one  is  fure  of  fads,  I  learnt  from  one  of  your  fex,  who,  as 
Selden  tells  us,  being  in  company  with  fome  gentlemen 
that  were  viewing,  and  confidering  fomething  which  they 
called  a  Chinefe  (hoe,  and  difputing  earneftly  about  the 
manner  of  wearing  it,  and  how  it  could  poffibly  be  put  on; 
put  in  l\er  word,  and  faid  modeftly,  Gentlemen ,  are  you  fare 
it  is  a  Jhoe  ? — Should  not  that  be  fettled  JirJl  ? 

But  I  fhall  now  endeavour  to  explain  what  I  faid  to  you 
about  the  tide  in  rivers,  and  to  that  end  fhall  make  a  figure, 
which  though  not  very  like  a  river,  may  ferve  to  convey 
my  meaning. — Suppofe  a  canal  140  miles  long,  communi¬ 
cating  at  one  end  with  the  fea,  and  filled  therefore  with  fea 
water.  I  chufe  a  canal  at  firft,  rather  than  a  river,  to  throw 


out  of  confideration  the  effeds  produced  by  the  ftreams  of 
frefh  water  from  the  land,  the  inequality  in  breadth,  and 
the  crookednefs  of  courfes. 
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Let  A,  C,  be  the  head  of  the  canal;  C,  D,  the  bottom  of 
it;  D,  F,  the  open  mouth  of  it  next  the  fea.  Let  the  ftrait 
prick’d  line,  B,  G,  reprefent  low  water  mark  the  whole 
length  of  the  canal.  A,  F,  high  water  mark : — Now  if  a 
perfon  ftanding  at  E,  and  obferving  at  the  time  of  high 
water  there,  that  the  canal  is  quite  full  at  that  place  up  to 

the 
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the  line  E,  fhould  conclude  that  the  canal  is  equally  full  to 
the  fame  height  from  end  to  end,  and  therefore  there  was 
as  much  more  water  come  into  the  canal  ilnce  it  was  down 
at  low  water  mark,  as  would  be  included  in  the  oblong 
fpace  A,  B,  G,  F,  he  would  be  greatly  miftaken.  For  the 
tide  is  a  Wave ,  and  the  top  of  the  wave,  which  makes  high 
water,  as  well  as  every  other  lower  part,  is  progreffive ;  and 
it  is  high  water  fucceilively,  but  not  at  the  fame  time,  in  all 
the  feveral  points  between  G,  F,  and  A,  B.  And  in  fuch 
a  length  as  I  have  mentioned  it  is  low  water  at  F,  G,  and 
alfo  at  A,  B,  at  or  near  the  fame  time  with  its  being  high 
water  at  E;  fo  that  the  furface  of  the  water  in  the  canal, 
during  that  fituation,  is  properly  reprefented  by  the  curve 
pricked  line  B,  E,  G.  And  on  the  other  hand,  when  it  is 
low  water  at  E,  H,  it  is  high  water  both  at  F,  G,  and  at 
A  B  at  or  near  the  fame  time;  and  the  furface  would  then 
bedefcribed  by  the  inverted  curve  line,  A,  H,  F. 

In  this  view  of  the  cafe,  you  will  ealily  fee,  that  there 


muft  be  very  little  more  water  in  the  canal  at  what  we  call 
high  water,  than  there  is  at  low  water,  thofe  terms  not  re¬ 
lating  to  the  whole  canal  at  the  fame  time,  but  fucceffively 
to  its  parts.  And  if  you  fuppofe  the  canal  fix  times  as 
long,  the  cafe  would  not  vary  as  to  the  quantity  of  water  at 
different  times  of  the  tide ;  there  would  only  be  fix  waves 
in  the  canal  at  the  fame  time,  inftead  of  one,  and  the  hol¬ 
lows  in  the  water  would  be  equal  to  the  hills. 

N  n  n  2  That 
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Tihat  this  is  wot  mere  theory,  bat  conformable  to  we 
faaw  by  '©arlaag  mm  m  jimerica.  The  Delaware  on 
which  Dhiiaielp'hm  fends,  is  m  ‘this  particular  flmilar  to 
the  canal  I  have  fappafcd  qf  <©ae  wave ;  For  when  it  is 
high  water  at  die  Cap m  or  month  of  the  river,  it  is  .alfo 
high  water  at  Pi&hMpim,  which  fends  about  34©  .miles 
from  the  fea?  and  there  is  at  the  fame  time  a  low  water  in 
the  middle  between  the  two  high  waters}  where,  when  it 
comes  to  be  high  water,  it  is  at  the  fame  time  low  water  at 
the  Capa  and  at  Pbil&idfiieu  And  the  longer  rivers  have, 
feme  a  wave  and  half,  feme  -two,  three,  or  fear  waves  ac¬ 
cording  to  their  length.— the  fbortec  rivers  of  this  ifland. 
one  may  fee  the  fame  thing  in  part;  for  inftance,  it  is  high 
water  ^Gmvelfmd  asihmx  before  it  is  high  water  at  Imdon 
Bridge-^  and  20  titles  below  Grmefiud  an  hoar  -before  it  is 
high  water  at  Cravefenl.  Therefore  at  the  time  of  high 
water  at  Gmvefond  the  top  of  the  wave  Is  there,  and  the 
water  is  then  not  fe  high  by  feme  feet  where  the  top  of  the 
wave  was  an  hour  before,  or  where  it  will  he  -am  hoar  after 

„  ^  5> 

as  it  is  j  uft  then  at  ‘Grmeefend, 

Now  weave  not  t©  foppofe,  that  becaafe  the  fwell  or  top 
of  the  wave  runs  at  the  rate  of  20  miles  aa  hoar,  that  there¬ 
fore  the  current  or  water  itfelf  of  which  the  wave  is  com- 
pofcd,  runs  at  that  rate.  Far  from  it.  To  conceive  this 
motion  of  a  wave,  make  a  fmall  experiment  or  two.  Faften 
one  end  of  a  cord  in  a  window  near  the  top  of  a  houfe,  and 
let  the  other  end  come  down  to  the  ground, 5  take  this  end  in 
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y0ar  hand,  -and  yo®  nwyj  fey  ^  foddcn  motion  -occaiion  a 
wave  an  the  cord  that  will  ran  quite  op  to  the  window, 
hut  though  the  wave  is  progreffiv-e  from  year  hand  t©  the 
window,  the  parts  of  the  tope  <d@  not  proceed  with  the 
'wave,  hut  remain  where  they  were,  -except  only  that  kind 
tof  motion  that  produces  the  wave.— 3©  if  you  throw  .a 
-ftone  into  a  pond  -of  water  -when  the  fur-face  is  Hill  and 
fmooth,  yon  will  fee  -a  -circular  wave  proceed,  from  the 
iftone  as  its  center,  quite  to  the  tides  of  the  pan*,  hut  -the 
water  -does  not  proceed  with  the  wave,  it  only  tifes  and 
falls  to  form  it  in  the  different  parts  of  its  courfe,  and  the 
-waves  that  follow  the  firft,  all  make  «fe  ©f  the  fame  water 

with  their  predeceffors. 

Sut  a  wave  in  water  is  not  indeed  in  all  circamftances 
cxadly  like  that  in  a  cord;  for  water  being  a  fluid,  and  gra¬ 
vitating  to  the  earth,  it  naturally  runs  from  a  higher  place  t© 
a  lower  ;  therefore  the  parts  of  the  wave  in  water  do  adually 
run  a  little  both  ways  from  its  top  towards  its  lower  tides, 
which  the  parts  of  the  wave  in  the  cord  cannot  do.  Thus 
when  it  is  high  and  Handing  water  at  Gravefend,  the  water 
2o  miles  below  has  been  running  ebb,  or  towards  the  fea 
for  an  hour,  or  ever  fince  it  was  high  water  there;  but  the 
water  at  London  Bridge  will  run  flood,  or  from  the  fea  yet 
another  hour,  till  it  is  high  water  or  the  top  of  the  wave 
arrives  at  that  bridge,  and  then  it  will  have  run  ebb  an  hour 
at  Gravefend ,  &c.  fcc.  Now  this  motion  of  the  water,  oc- 

cafioned  only  by  its  gravity,  or  tendency  to  run  from  a  higher 

place 
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place  to  a  lower,  is  by  no  means  fo  fwift  as  the  motion  of 
the  wave.  It  fcarce  exceeds  perhaps  two  miles  in  an 
hour.  If  it  went  as  the  wave  does  twenty  miles  an  hour, 
no  (hips  could  ride  at  anchor  in  fuch  a  ft  ream,  nor  boats 
row  againft  it. 

In  common  fpeecb,  indeed,  this  current  of  the  water 
both  ways  from  the  top  of  the  wave  is  called  the  tide-,  thus 
we  fay,  the  tide  runs  flrong,  the  tide  runs  at  the  rate  oj  one , 
two,  or  three  miles  an  hour ,  &c.  and  when  we  are  at  a  part 
of  the  river  behind  the  top  of  the  wave,  and  find  the  water 
lower  than  high-water  mark,  and  running  towards  the  fea 
we  fay,  the  tide  runs  ebb ;  and  when  we  are  before  the  top 
of  the  wave,  and  find  the  water  higher  than  low- water 
mark,  and  running  from  the  fea,  we  fay,  the  tide  runs  flood-, 
but  thefe  expreffions  are  only  locally  proper ;  for  a  tide 
ftri&ly  fpeaking,  is  one  whole  wave,  including  all  its  parts 
higher  and  lower,  and  thefe  waves  fucceed  one  another  a- 
bout  twice  in  24  hours. 

This  motion  of  the  water  occafioned  by  its  gravity,  will 
explain  to  you  why  the  water  near  the  mouths  of  rivers 
may  be  falter  at  high  water  than  at  low.  Some  of  the 
fait  water,  as  the  tide  wave  enters  the  river,  runs  from  its 
top  and  fore  fide,  and  mixes  with  the  frefh,  and  alfo  pufhes 
it  back  up  the  river. 

Suppofing  that  the  water  commonly  runs  during  the  flood 
at  the  rate  of  two  miles  in  an  hour,  and  that  the  flood  runs 
five  hours,  you  fee  that  it  can  bring  at  moft  into  our  canal 

only 
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only  a  quantity  of  water  equal  to  the  fpace  included  in  the 
breadth  of  the  canal,  ten  miles  of  its  length,  and  the 
depth  between  low  and  high-water  mark;  which  is  but  a 
fourteenth  part  of  what  would  be  neceffary  to  fill  all  the 
fpace  between  low  and  high-water  mark,  for  140  miles, 

the  whole  length  of  the  canal. 

And  indeed  fuch  a  quantity  of  water  as  would  fill  that 

whole  fpace,  to  run  in  and  out  every  tide,  muft  create  fo 
outrage@us  a  current  as  would  do  infinite  damage  to  the 
fhores,  flipping,  &c.  and  make  the  navigation  of  a  river 

almoft  impracticable. 

I  have  made  this  letter  longer  than  I  intended,  and  there¬ 
fore  referve  for  another  what  I  have  further  to  fay  on  the 
fubject  of  tides  and  rivers.  I  fhall  now  only  add,  that  I 
have  not  been  exadt  in  the  numbers,  becaufe  I  would  avoid 
perplexing  you  with  minute  calculations,  my  defign  at  pre- 
fent  being  chiefly  to  give  you  diftindt  and  clear  ideas  of  the 

firft  principles. 

After  writing  fix  folio  pages  of  philofophy  to  a  young 

girl,  is  it  neceffary  to  finilh  fuch  a  letter  with  a  compli- 

ment? — Is  not  fuch  a  letter  of  itfelt  a  compliment  ?— 

Does  it  not  fay,  (he  has  a  mind  thirfty  after  knowledge,  and 

capable  of  receiving  it;  and  that  the  moft  agreeable  things 

one  can  write  to  her  are  thofe  that  tend  to  the  improvement 

of  her  undemanding?— It  does  indeed  fay  all  this,  but  then 

it  is  ftill  no  compliment;  it  is  no  more  than  plain  honeft 

iruth,  which  is  not  the  character  of  a  compliment.  So  if  I 

would 
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would  finish  my  letter  in  the  mode,  I  fhould  yet  add  feme 
thing  that  means  nothing,  and  is  merely  civil  and  polite.— 
But  being  naturally  aukward  at  every  circumftance  of  cere¬ 
mony,  I  (hall  not  attempt  it.  I  had  rather  conclude  ab¬ 
ruptly  with  what  pleafes  me  more  than  any  compliment 
can  pleafe  you,  that  I  am  allowed  to  fubfcribe  myfelf 


Your  affectionate  friend \ 
B.  Franklin. 


_ 

.  Tl 


LETTER  LI. 


To  the  fame. 


My  dear  Friend ,  Craven-Jir.  Monday  March  30,  1761. 

UPPOSING  the  fad,  that  the  water  of  the  well  at 


o  Brijiol  is  warmer  after  fometime  pumping,  I  think 
your  manner  of  accounting  for  that  increafed  warmth  very 
ingenious  and  probable.  It  did  not  occur  to  me,  and  there¬ 
fore  I  doubted  of  the  fa£t. 

*  ■ 

You  are,  I  think,  quite  right  in  your  opinion,  that  the 
riling  of  the  tides  in  rivers  is  not  owing  to  the  immediate 


influence 


influence  of  the  moon  on  the  rivers.  It  is  rather  a  luhfe- 
quent  effed  of  the  influence  of  the  moon  on  the  fea,  and 
does  not  make  its  appearance  in  fome  rivers  till  the  moon 
has  long  pafs’d  by.  I  have  not  exprefs’d  myfelf  clearly  if 
you  have  underftood  me  to  mean  otherwife.  You  know  I 
have  mentioned  it  as  a  fad,  that  there  are  in  fome  rivers 
feveral  tides  all  exifting  at  the  fame  time;  that  is,  two, 
three,  or  more,  high-waters,  and  as  many  low-waters,  in 
different  parts  of  the  fame  river,  which  cannot  poffibly  be 
all  effeds  of  the  moon’s  immediate  adion  on  that  river* 
but  they  may  be  fubfequent  effeds  of  her  adion  on  the 

fea. 

In  the  enclofed  paper  you  will  find  my  fentiments  on 
feveral  points  relating  to  the  air,  and  the  evaporation  of 
water.  It  is  Mr.  CoJlinfon’s  copy,  who  took  it  from  one  I 
lent  thro’  his  hands  to  a  correfpondent  in  France  fome  years 
fince ;  I  have,  as  he  defired  me,  correded  the  mifiakes  he 
made  in  tranfcribing,  and  muft  return  it  to  him  y  but  if  you 
think  it  worth  while,  you  may  take  a  copy  of  it :  I 
would  have  faved  you  any  trouble  of  that  kind,  but  had 
not  time. 

Some  day  in  the  ne*xt  or  the  following  week,  I  purpofe 
to  have  the  pleafure  of  feeing  you  at  JVanJiead ;  I  fhall 
accompany  your  good  mama  thither,  and  ftay  till  the  next 
morning,  if  it  may  be  done  without  incommoding  your 
family  too  much. — We  may  then  difcourfe  any  points  in 
that  paper  that  do  not  feem  clear  to  you ;  and  taking  a  walk 

O  Q  Q  t© 
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to  lord  Ti  key's  ponds,  make  a  few  experiments  there  to 
explain  the  nature  of  the  tides  more  fully.  In  the  mean 
time,  believe  me  to  be,  with  the  higheft  efteem  and  regard, 
your  fmcerely  affectionate  friend, 

B.  Franklin; 


letter  lii. 


To  the  fame. 

Cravenjlr.  Aug.  io,  1761. 

«  "  '  *  * 

WE  are  to  fet  out  this  week  for  Holland,  where  we 
may  poffibly  fpend  a  month,  but  purpofe  to  be  at 
home  again  before  the  coronation.  I  could  not  go  with¬ 
out  taking  leave  of  you  by  a  line  at  leaft,  when  I  am  fa 

many  letters  in  your  debt. 

In  yours  of  May  19,  which  I  have  before  me,  you  fpeak 
of  the  eafe  with  which  fait  water  may  be  made  frefh  by 
dift  illation,  fuppofing  it  to  be,  as  1  had  faid,  that  in  evapora¬ 
tion  the  air  would  take  up  water  but  not  the  fait  that  was 

mixed 


mixed  with  it.  It  is  true  that  diftilled  fea  water  will  not 
be  fait,  but  there  are  other  difagreeable  qualities  that  rife 
with  the  water  in  diftillation;  which  indeed  feveral  befides 
Dr.  Hales  have  endeavoured  by  fome  means  to  prevent  j 
but  as  yet  their  methods  have  not  been  brought  much  into 

ufe. 

I  have  a  Angular  opinion  on  this  fubjed,  which  I  will 
venture  to  communicate  to  you,  though  I  doubt  you  will 

rank  it  among  my  whims. _ It  is  certain  that  the  fkin  has 

imbibing  as  well  as  difcharging  pores ;  witnefs  the  effeds  of 
a  bliftering  plaifter,  &c.  I  have  read  that  a  man  hired  by  a 
phyfician  to  hand  by  way  of  experiment  in  the  open  air 
naked  during  a  moift  night,  weighed  near  three  pounds 
heavier  in  the  morning.  I  have  often  obferved  myfelf,  that 
however  thirfty  I  may  have  been  before  going  into  the 
water  to  fwim,  I  am  never  long  fo  in  the  water.  Thefe 
imbibing  pores,  however,  are  very  fine,  perhaps  fine  enough 
in  filtring  to  feparate  fait  from  water ;  for  though  I  have 
foaked  (by  fwimming,  when  a  boy)  feveral  hours  in  the  day 
for  feveral  days  fucceflively  in  fait- water,  I  never  found  my 
blood  and  juices  falted  by  that  means,  fo  as  to  make  me 
thirfty  or  feel  a  fait  tafte  in  my  mouth:  And  it  is  remarka¬ 
ble  that  the  flefh  of  fea  fifh,  though  bred  in  fait  water  is 
not  fait. — Hence  I  imagine,  that  if  people  at  fea,  diftrefled 
by  thirft  when  their  frefh  water  is  unfortunately  fpent, 
would  make  bathing-tubs  of  their  empty  water  cafks,  and 
filling  them  with  fea  water,  fit  in  them  an  hour  or  two 
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each  day,  they  might  be  greatly  relieved.  Perhaps  keep¬ 
ing  their  cloaths  conftantly  wet  might  have  an  almoft  e- 
qual  efFedt;  and  this  without  danger  of  catching  cold. 
Men  do  not  catch  cold  by  wet  cloaths  at  fea.  Damp  but 
not  wet  linen  may  poffibly  give  colds;  but  no  one  catches 
cold  by  bathing,  and  no  cloaths  can  be  wetter  than  water 
itfelf.  Why  damp  cloaths  fhould  then  occafion  colds,  is 
a  curious  queftion,  the  difcuffion  of  which  I  referve  for  a 
future  letter,  or  fome  future  converfation. 

Adieu,  my  little  philofopher.  Prelent  my  refpect- 

* 

ful  compliments  to  the  good  ladies  your  aunts,  and  to  mifs 


Pitt  1  and  believe  me  ever 


Tour  affedlionate  friend, 

and  humble  Servant, 

B.  Franklin, 


T  .  ? 


*  <*.  *■■**■«’ 
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To  the  fame. 


London ,  March  22,  1762, 
3  T  retradt  the  charge  of  idlenefs  in  your  ftudies, 
A  when  I  find  you  have  gone  thro'  the  doubly  difficult 
ntafk  of  reading  fo  big  a  book3  on  an  abftrufe  fubjedt  and  in 
.a  foreign  language, 

*  '  dlti 
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_  . _ 

In  anfwer  to  your  queftion  concerning  the  Leiden  phial  j 

_ Yhe  hand  that  holds  the  bottle  receives  and  conducts 

away  the  eiedric  fluid  that  is  driven  out  of  the  outfide  by 
the  repulfive  power  of  that  which  is  forced  into  the  infide 
of  the  bottle.  As  long  as  that  power  remains  in  the  fame 
fituation,  it  muft  prevent  the  return  of  what  it  had  expelled; 
though  the  hand  would  readily  fupply  the  quantity  if  it 
.could  be  received. 

Your  affeSiionate  Friend, 

B.  Franklin. 


LETT 


To  the  fame, 


Craven-ftreet,  Saturday  Evening,  f  aft  ie. 
H  E  queftion  you  afk  me  is  a  very  fenfibie  one,  and 

_  I  fhall  be  glad  if  I  can  give  you  a  fatisfaCtory  anfwer. 

There  are  two  ways  of  contracting  a  chimney  ;  one,  by 
contracting  the  opening  before  the  fire ;  the  other,  by  con¬ 
tracting  the  funnel  above  Khz  fire.  If  the  funnel  above  the 

fire  is  left  open  in  its  full  dimenfions,  and  the  opening  be- 

fore 
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fore  the  fire  is  contracted ;  then  the  coals,  I  imagine,  will 
burn  fafter,  becaufe  more  air  is  directed  through  the  fire, 
and  in  a  ftronger  dream ;  that  air  which  before  paflfed 
over  it,  and  on  each  fide  of  it,  now  paffing  thro'  it.  This 
is  feen  in  narrow  dove  chimneys,  when  a  facheverell  or 
blower  is  ufed,  which  dill  more  contracts  the  narrow  o- 
pening.— ~ But  if  the  funnel  only  above  the  fire  is  contract¬ 
ed,  then,  as  a  lefs  dream  of  air  is  paffing  up  the  chimney, 
lefs  ffiuft  pafs  through  the  fire,  and  confequently  it  fhould 
feem  that  the  confuming  of  the  coals  would  rather  be 
checked  than  augmented  by  fuch  contraction.  And  this 
will  alfo  be  the  cafe,  when  both  the  opening  before  the 
fire,  and  the  funnel  above  the  fire  are  contracted,  provided 
the  funnel  above  the  fire  is  more  contracted  in  proportion 
than  the  opening  before  the  fire. — —So  you  fee  I  think  you 
had  the  belt  of  the  argument  ;  and  as  you  notwithftanding 
gave  it  up  in  complaifance  to  the  company,  I  think  you 
had  alfo  the  befit  of  the  difpute.  There  are  few,  though 
convinced,  that  know  how  to  give  up,  even  an  error,  they 
have  been  once  engaged  in  maintaining;  there  is  there¬ 
fore  the  more  merit  in  dropping  a  conted  where  one  thinks 
one’s  felf  right;  ’tis  at  lead:  refpeCtful  to  thofe  we  converfe 
with.  And  indeed  all  our  knowledge  is  io  imperfeCt,  and 
we  are  from  a  thoufand  caufes  fo  perpetually  fobjeCt  to 
midake  and  error,  that  pofitivenefs  can  fcarce  ever  become 
even  the  mod  knowing;  and  modedy  in  advancing  any 
opinion,  however  plain  and  true  we  may  fuppofe  it,  is 

always 
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always  decent,  and  generally  more  likely  to  procure 

affent.  Pope’s  Rule 

‘To  /peak,  though  fure,  'with  feeming  diffidence, 
is  therefore  a  good  one;  and  if  I  had  ever  feen  in  your 
conversation  the  leaft  deviation  from  it,  I  fhould  earneftly 
recommend  it  to  your  observation. 

I  am,  &c. 

B.  Franklin. 


letter  lv. 

To  Mr.  O.  N. 


Dear  SIR , 

T  Cannot  be  of  opinion  with  you  that  tis  too  late  in  lne 
JL  for  you  to  learn  to  fwim.  The  river  near  the  bottom 
of  your  garden  affords  you  a  moil  convenient  place  for  the 
purpofe.  And  as  your  new  employment  requires  your 
being  often  on  the  water,  of  which  you  have  fuch  a  dread, 
1  think  you  would  do  well  to  make  the  trial;  nothing 
beinp-  fo  likely  to  remove  thoie  apprehenfions  as  the  con- 

fcioufnefs  of  an  ability  to  fwim  to  the  fhore,  in  cafe  of  an 

accidents 
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accident,  or  of  fupporting  yourfelf  in  the  water  till  a  boat 
could  come  to  take  you  up. 

I  do  not  know  how  far  corks  or  bladders  may  be  ufeful 
in  learning  to  fwim,  having  never  feen  much,  trial  of  them. 
Poffibly  they  may  be  of  fervice  in  fupporting  the  body 
while  you  are  learning  what  is  called  the  ftroke,  or  that 
manner  of  drawing  in  and  ftriking  out  the  hands  and  feet 
that  is  neceiTary  to  produce  progreffive  motion,.  But  you- 
will  be  no  fwimmer  till  you  can  place  fome  confidence  in 
the  power  of  the  water  to  fupport  you ;  I  would  therefore 
advife  the  acquiring  that  confidence  in  thefirft  place;  efpe- 
cially  as  I  have  known  feveral  who  by  a  little  of  the  prac¬ 
tice  neceflary  for  that  purpofe,  have  infenfibiy  acquired  the 
ftroke,  taught  as  it  were  by  nature. 

The  practice  I  mean  is  this.  Chufing  a  place  where  the 
water  deepens  gradually,  walk  coolly  into  it  till  it  is  up  to  your 
breaft,  then  turn  round,  your  face  to  the  fhore,  and  throw  an 
egg  into  the  water  between  you  and  the  fhore.  It  will  fink 
to  the  bottom,  and  be  eafily  feen  there,  as  your  water  is  clear. 
Jtmuftlie  in  water  fo  deep  as  that  you  cannot  reach  it  to  take 
it  up  but  by  diving  for  it.  To  encourage  yourfelf  in  under¬ 
taking  to  do  this,  reflefl:  that  your  progrefs  will  be  fromdeeper 
tofhallower  water,  and  that  at  any  time  you  may  by  bringing 
your  legs  under  you  and  ftanding  on  the  bottom,  raife  your 
head  far  above  the  water.  Then  plunge  under  it  with  your 
eyes  open,  throwing  yourfelf  towards  the  egg,  and  endea¬ 
vouring  by  the  action  of  your  hands  and  feet  againft  the 

water 


# 


water  to  get  forward  till  within  reach  of  it*  In  this  at¬ 
tempt  you  will  find,  that  the  water  buoys  you  up  againft 
your  inclination ;  that  it  is  not  fo  eafy  a  thing  to  fink  as  you 
imagined  -y  that  you  cannot,  but  by  adtive  force,  get  down 
to  the  egg.  Thus  you  feel  the  power  of  the  water  to 
fupport  you,  and  learn  to  confide  in  that  power ;  while 
your  endeavours  to  overcome  it  and  to  reach  the  egg,  teach 
you  the  manner  of  adting  on  the  water  with  your  feet  and 
hands;  which  adtion  is  afterwards  ufed  in  fwimming  to  fup¬ 
port  your  head  higher  above  water,  or  to  go  forward 
through  it. 

I  would  the  more  earneftly  prefs  you  to  the  trial  of  this 
method,  becaufe,  though  I  think  I  fatisfyed  you  that  your 
body  is  lighter  than  water,  and  that  you  might  float  in  it  a 
long  time  with  your  mouth  free  for  breathing,  if  you 
would  put  yourfelf  in  a  proper  pofture,  and  would  be  flili 
and  forbear  ftruggling  $  yet  till  you  have  obtained  this  ex¬ 
perimental  confidence  in  the  water,  I  cannot  depend  on 
your  having  the  neceflary  prefence  of  mind  to  recolledt  that 
pofture  and  the  diredtions  I  gave  you  relating  to  it.  The 
furprize  may  put  all  out  of  your  mind.  For  though  we 
value  ourfelves  on  being  reafonable  knowing  creatures,  rea- 
fon  and  knowledge  feem  on  fuch  occafions  to  be  of  little 
ufe  to  us ;  and  the  brutes  to  whom  we  allow  fcarce  a 
glimmering  of  either,  appear  to  have  the  advantage  of  us. 

I  will,  however,  take  this  opportunity  of  repeating  thofe 
particulars  to  you,  which  I  mentioned  in  our  laft  converfa- 

P  p  p  tion. 
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tion,  as  by  perufing  them  at  your  leifure,  you  may  poffibly 
imprint  them  fo  in  your  memory  as  on  occafion  to  be  of 

fome  ufe  to  you. 

i.  That  though  the  legs,  arms  and  head,  of  a  human 
body,  being  folid  parts,  are  fpecifically  fomething  heavier 
than  frefli  water,  yet  the  trunk,  particularly  the  upper  part 
from  its  hollownefs,  is  fo  much  lighter  than  water,  as  that 
the  whole  of  the  body  taken  together  is  too  light  to  fink 
wholly  under  water,  but  fome  part  will  remain  above,  un¬ 
till  the  lung9  become  filled  with  water,  which  happens 
from  drawing  water  into  them  inftead  of  air,  when  a  perfon 
in  the  fright  attempts  breathing  while  the  mouth  and  nof- 


trils  are  under  water. 

2.  That  the  legs  and  arms  are  fpecifically  lighter  than 
falt-water,  and  will  be  fupported  by  it,  fo  that  a  human 
body  would  not  fink  in  falt-water,  though  the  lungs  were 
filled  as  above,  but  from  the  greater  fpecific  gravity  of  the 

head. 

3.  That  therefore  a  perfon  throwing  himfelf  on  his 
back  in  falt-water,  and  extending  his  arms,  may  eafiiy  lie 
fo  as  to  keep  his  mouth  and  noftriis  free  for  breathing ; 
and  by  a  fmall  motion  of  his  hands  may  prevent  turning,  if 

he  fhould  perceive  any  tendency  to  it. 

49  That  in  frefh  water,  if  a  man  throws  himfelf  on  his 
back,  near  the  furface,  he  cannot  long  continue  in  that  fitua- 
tion  but  by  proper  adtion  of  his  hands  on  the  water.  If  he 

ufes  no  fuch  a&ion,  the  legs  and  lower  part  of  the  body 

will 
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will  gradually  fink  till  he  comes  into  an  upright  pofition, 
in  which  he  will  continue  impended,  the  hollow  of  the 

bread:  keeping  the  head  uppermoft. 

But  if  in  this  erea  pofition,  the  head  is  kept  upright 

above  the  ffioulders,  as  when  we  ftand  on  the  ground  the 
immerfion  will,  by  the  weight  of  that  part  of  the  head  t  a 
is  out  of  water,  reach  above  the  mouth  and  noftnls,  perhaps 
a  little  above  the  eyes,  fo  that  a  man  cannot  long  remain 
fufpended  in  water  with  his  head  in  that  pofition.  . 

6  The  body  continuing  fufpended  as  before,  and  upright, 
if  the  head  be  leaned  quite  back,  fo  that  the  face  looks  up¬ 
wards,  all  the  back  part  of  the  head  being  then  under 
water,  and  its  weight  consequently  m  a  great  meafure  up- 
ported  by  it,  the  face  will  remain  above  water  quite  fiee 
for  breathing,  will  rife  an  inch  higher  every  inflation,  and 
fink  as  much  every  expiration,  but  never  fo  low  as  that  the 

water  may  come  over  the  mouth.  . 

n  If  therefore  a  perfon  unacquainted  with  fwimming, 

and  falling  accidentally  into  the  water,  could  have  prefence 
of  mind  Sufficient  to  avoid  ftruggling  and  plunging,  and  to 
let  the  body  take  this  natural  pofition,  he  might  continue  long 
fafe  from  drowning  till  perhaps  help  would  come.  For  as 
to  the  cloathes,  their  additional  weight  while  >mmerfe  1 
very  inconfiderable,  the  water  Supporting  it ;  though  when 
be  comes  out  of  the  water,  he  would  find  them  very  heavy 

indeed. 
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Bat,  as  I  faid  before,  I  would  not  advife  you  or  any  one 
to  depend  on  having  this  prefence  of  mind  on  fuch  an  oc- 
cafion,  but  learn  fairly  to  fwim ;  as  I  with  all  men  were 
taught  to  do  in  their  youth  $  they  would,  on  many  occur¬ 
rences,  be  the  fafer  for  having  that  fkill,  and  on  many  more 
the  happier,  as  freer  from  painful  apprehenfions  of  danger 
to  fay  nothing  of  the  enjoyment  in  fo  delightful  and  whole- 
fome  an  exercife.  Soldiers  particularly  fhould,  methinks, 
all  be  taught  to  fwim  ;  it  might  be  of  frequent  ufe  either  in 
furprifing  an  enemy,  or  faving  themfelves.  And  if  I  had  now 
boys  to  educate,  I  fhould  prefer  thofe  fchools  (other  things 
being  equal)  where  an  opportunity  was  afforded  for  ac¬ 
quiring  fo  advantageous  an  art,  which  once  learnt  is  never 
forgotten. 

1  amy  Sir 3  &c. 

B.  F. 


LET- 
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LETTER  LVI. 

To  Mifs  S - n,  at  Wanjlead. 

.  1  >  •' 

t  j  I 

My  Dear  Friend \  Sept.  20,  1761* 

IT  is,  as  you  obferved  in  our  late  conversation,  a  very 
general  opinion,  that  all  rivers  run  into  the  fea>  or  de~ 
polite  their  waters  there.  ’Tis  a  kind  of  audacity  to  call 
fuch  general  opinions  in  queftion,  and  may  fubjeft  one  to 
ceniure.  But  we  muft  hazard  fomething  in  what  we 
think  the  caufe  of  truth  :  And  if  we  propofe  our  objecti¬ 
ons  modeftly,  we  fhall,  tho*  miftaken,  deferve  a  cenfure 
lefs  fevere,  than  when  we  are  both  miftaken  and  infolent. 
That  fome  rivers  run  into  the  fea  is  beyond  a  doubt  : 
Such,  for  inftance,  are  the  Amazonesy  and  I  think  the 
Oronoko  and  the  MiJJiJipi .  The  proof  is,  that  their  waters 
are  frefh  quite  to  the  fea,  and  out  to  fome  diftance  from 
the  land.  Our  queftion  is,  whether  the  frefti  waters  of 
thofe  rivers  whofe  beds  are  filled  with  fait  water  to  a  con- 
fiderable  diftance  up  from  the  fea  (as  the  Frames*  the  De¬ 
laware  ^  and  the  rivers  that  communicate  with  Chefapeak - 
bay  in  Virginia )  do  ever  arrive  at  the  fea  ?  And  as  I  fufpeft 
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they  do  not,  I  am  now  to  acquaint  you  with  my  reafons  $ 
or,  if  they  are  not  allowed  to  be  reafons,  my  conceptions 
at  leaft,  of  this  matter. 

The  common  fupply  of  rivers  is  from  fprings,  which 
draw  their  origin  from  rain  that  has  foaked  into  the  earth. 
The  union  of  a  number  of  fprings  forms  a  river.  The 
waters  as  they  run,  expofed  to  the  fun,  air  and  wind,  are 
continually  evaporating.  Hence  in  travelling  one  may  often 
fee  where  a  river  runs,  by  a  long  blueifh  mid  over  it,  tho5 
we  are  at  fuch  a  diftance  as  not  to  fee  the  river  itfelf. 
The  quantity  of  this  evaporation  is  greater  or  lefs,  in  pro¬ 
portion  to  the  furface  expofed  by  the  fame  quantity  of  wa¬ 
ter  to  thofe  caufes  of  evaporation.  While  the  river  runs 
in  a  narrow  confined  channel  in  the  upper  hilly  country, 
only  a  fmall  furface  is  expofed  ;  a  greater  as  the  river  wi¬ 
dens.  Now  if  a  river  ends  in  a  lake,  as  fome  do,  where¬ 
by  its  waters  are  fpread  fo  wide  as  that  the  evaporation  is 
equal  to  the  fum  of  all  its  fprings,  that  lake  will  never 
over-flow  : — And  if  inftead  of  ending  in  a  lake,  it  was 
drawn  into  greater  length  as  a  river,  fo  as  to  expole  a  fur¬ 
face  equal  in  the  whole  to  that  lake,  the  evaporation 
would  be  equal,  and  fuch  river  would  end  as  a  canal ; 
when  the  ignorant  might  fuppofe,  as  they  actually  do  in 
fuch  cafes,  that  the  river  lofes  itfelf  by  running  under 
ground,  whereas  in  truth  it  has  run  up  into  the  air. 

Now,  many  rivers  that  are  open  to  the  fea,  widen  much 
before  they  arrive  at  it,  not  merely  by  the  additional  waters 

01  they 
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they  receive,  but  by  having  their  courfe  ftopt  by  the  op- 
pofing  flood-tide  ;  by  being  turned  back  twice  in  twenty- 
four  hours,  and  by  finding  broader  beds  in  the  low  flat 
countries  to  dilate  themfelves  in  }  hence  the  evaporation 
of  the  frefh  water  is  proportionably  mcreafed  ;  fo  that  m 
fome  rivers  it  may  equal  the  fprings  of  lupply.  In  fuch 
cafes,  the  fait  water  comes  up  the  river,  and  meets  the 
frefh  in  that  part  where,  if  there  were  a  wall  or  bank  of 
earth  acrofs  from  fide  to  fide,  the  river  would  form  a  lake, 
fuller  indeed  at  fome  times  than  at  others,  according  to  the 
feafons,  but  whofe  evaporation  would,  one  time  with  ano¬ 


ther,  be  equal  to  its  fuppiy. 

When  the  communication  between  the  two  kinds  of 
water  is  open,  this  fuppofed  wall  of  feparation  may  be  con¬ 
ceived  as  a  moveable  one,  which  is  not  only  pufhed  fome 
miles  higher  up  the  river  by  every  flood  tide  from  the  fea, 
and  carried  down  again  as  far  by  every  tide  of  ebb,  but 
which  has  even  this  fpace  of  vibration  removed  nearer  to  the 
fea  in  wet  feafons,  when  the  fprings  and  brooks  in  the  up¬ 
per  country  are  augmented  by  the  falling  rains,  fo  as  to 
fwell  the  river,  and  farther  from  the  fea  in  dry  fealons. 

Within  a  few  miles  above  and  below  this  moveable  line 
of  feparation,  the  different  waters  mix  a  little,  partly  by 
their  motion  to  and  fro,  and  partly  from  the  greater  fpe- 
cific  gravity  of  the  fait  water,  which  inclines  it  to  run 
under  the  frefh,  while  the  frefh  water,  being  lighter,  suns 


the  fait, 


Caft 


sr 


over 
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Caft  your  eye  on  the  map  of  North- America,  and 
obferve  the  bay  of  Chefapeak  in  Virginia ,  mentioned  a- 
bove  ;  you  will  fee,  communicating  with  it  by  their 
mouths,  the  great  rivers  Safquehanah ,  Fotowmack ,  Rappa - 
hanock ,  and  James ,  befides  a  number  of  fmaller 

ftreams,  each  as  big  as  the  Thames.  It  has  been  pro- 
pofed  by  philofophical  writers,  that  to  compute  how 
much  water  any  river  difcharges  into  the  fea,  in  a  given 
time,  we  fhould  meafure  its  depth  and  fwiftnefs  at  any 
part  above  the  tide  ;  as,  for  the  Thames ,  at  Kingfton  or 
Windfor .  But  can  one  imagine,  that  if  all  the  water  of 
thofe  vaft  rivers  went  to  the  fea,  it  would  not  firft  have 
pufhed  the  fait  water  out  of  that  narrow-mouthed  bay,  and 
filled  it  with  frefh  ? — The  Safquehanah  alone  would  feem 
to  be  fufficient  for  this,  if  it  were  not  for  the  lofs  by  eva¬ 
poration.  And  yet  that  bay  is  fait  quite  up  to  Annapolis . 

As  to  our  other  fubjed,  the  different  degrees  of  heat  im¬ 
bibed  from  the  fun’s  rays  by  cloths  of  different  colours, 
fince  I  cannot  find  the  notes  of  my  experiment  to  fend 
you,  I  muft  give  it  as  well  as  I  can  from  memory. 

But  firft  let  me  mention  an  experiment  you  may  eafily 
make  yourfelf.  Walk  but  a  quarter  of  an  hour  in  your 
garden  when  the  fun  fhines,  with  a  part  of  your  drefs 
white,  and  a  part  black  ;  then  apply  your  hand  to  them 
alternately,  and  you  will  find  a  very  great  difference  in 
their  warmth.  The  black  will  be  quite  hot  to  the  touch, 
the  white  ftill  cool. 


Another. 
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Another.  Try  to  fire  paper  with  a  burning  glafs. 
If  it  is  white,  you  will  not  eafily  burn  it ; — but  if  you 
bring  the  focus  to  a  black  fpot,  or  upon  letters,  written  or 
printed,  the  paper  will  immediately  be  on  fire  under  the 
letters. 

Thus  fullers  and  dyers  find  black  cloths,  of  equal  thick- 
nefs  with  white  ones,  and  hung  out  equally  wet,  dry  in 
the  fun  much  fooner  than  the  white,  being  more  readily 

heated  by  the  fun’s  rays.  It  is  the  fame  before  a  fire }  the 
heat  of  which  fooner  penetrates  black  ftockings  than  white 
ones,  and  fo  is  apt  fooner  to  burn  a  man’s  thins.  Alfo 
beer  much  fooner  warms  in  a  black  mug  fet  before  the  fire, 
than  in  a  white  one,  or  in  a  bright  filver  tankard. 

My  experiment  was  this.  I  took  a  number  of  little 
fquare  pieces  of  broad  cloth  from  a  taylor’s  pattern  card, 
of  various  colours.  There  were  black,  deep  blue,  lighter 
blue,  green,  purple,  red,  yellow,  white,  and  other  co¬ 
lours,  or  thades  of  colours.  I  laid  them  all  out  upon  the 
fnow  in  a  bright  fun-thiny  morning.  In  a  few  hours  (I 

cannot  now  be  exadt  as  to  the  time)  the  black  being 

/  '  , 

warm’d  mod  by  the  fun,  was  funk  fo  low  as  to  be  below 
the  ftroke  of  the  fun’s  rays  the  dark  blue  almoffc  as  low* 
the  lighter  blue  not  quite  fo  much  as  the  dark,  the  other 
colours  lefs  as  they  were  lighter  ;  and  the  quite  white  re¬ 
mained  on  the  furface  of  the  fnow,  not  having  entered  it 

at  alh 


Qji  q 


What 
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What  fignifies  philofophy  that  does  not  apply  to  fome 
ufe  ? — May  we  not  learn  from  hence,  that  black  clothes 
are  not  fo  fit  to  wear  in  a  hot  fanny  climate  or  feafon,  as 
white  ones ;  becaufe  in  inch  clothes  the  body  is  more  heat-  • 
ed  by  the  fan  when  we  walk  abroad,  and  are  at  the  fame 
time  heated  by  the  exercife,  which  double  heat  is  apt  to 
bring  on  putrid  dangerous  fevers  ?  That  foldiers  and  fea- 
men  who  mud  march  and  labour  in  the  fun,  fhould  in 
the  Eaft  or  Weft-Indies  have  an  uniform  of  white  ?  That 

,  <  .  , . ,  y.  ■  ■  ■ ,  4 

fummer  hats  for  men  or  women,  fhould  be  white,  as  re¬ 
pelling  that  heat  which  gives  head-achs  to  many,  and  to 
fome  the  fatal  ftroke  that  the  French  call  the  Coup  de  So- 
leil  ?  That  the  ladies  Summer  hats,  however,  fhould  be 
lined  with  black,  as  not  reverberating  on  their  faces  thofe 
rays  which  are  reflected  upwards  from  the  earth  or  water  ? 
That  the  putting  a  white  cap  of  paper  or  linen  within  the 
crown  of  a  black  hat,  as  fome  do,  will  not  keep  out  the 
heat,  tho’  it  would  if  plac’d  without.  That  fruit  walls 
being  blacked  may  receive  fo  much  heat  from  the  fun  in  the 
day-time,  as  to  continue  warm  in  fome  degree  thro’  the 
night,  and  thereby  preferve  the  fruit  from  frofts,  or  for¬ 
ward  its  growth  ?- — with  fundry  other  particulars  of  lefs  or 
greater  importance,  that  will  occur  from  time  to  time  to 
attentive  minds  ?— 

I  am. 

Tours  aff  ectionately, 

**  .  ,  '  "  "  / 

B.  Franklin; 

J  ‘ 

I  '  .  s  ' 
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Extract  of  a  Letter  to  Lord  K.  at  Edinburgh. 

'June  2,  1765. 


jjiy  paffage  to  America  I  read  your  excellent 
work,  the  Elements  of  Criticifm ,  in  which  I  found 
great  entertainment.  I  only  wifhed  you  had  examined 
more  fully  the  fubjeG  of  mufick,  and  demonftrated  that 
the  pleafure  artifts  feel  in  hearing  much  of  that  compofed 
in  the  modern  tafte,  is  not  the  natural  pleafure  arifing  from 
melody  or  harmony  of  founds,  but  of  the  fame  kind  with 
the  pleafure  we  feel  on  feeing  the  furprizing  feats  of  tum¬ 
blers  and  rope-dancers,  who  execute  difficult  things.  .  For 
my  part  I  take  this  to  be  really  the  cafe,  and  fuppofe  it  the 
reafon  why  thofe  who  are  unpraGifed  in  mufick,  and 
therefore  unacquainted  with  thofe  difficulties,  have  little 
or  no  pleafure  in  hearing  this  mufick.  Many  pieces  of  it 
are  mere  compofitions  of  tricks.  I  have  fometimes  at  a 
concert,  attended  by  a  common  audience,  placed  myfelf 
fo  as  to  fee  all  their  faces,  and  obferved  no  figns  of 

pleafure  in  them  during  the  performance  of  a  great  part 

Q^q  q  2  •  that 
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that  was  admired  by  the  performers  themfelves ;  while  a 
plain  old  Scotch  tune,  which  they  difdained,  and  could 
fcarcely  be  prevailed  on  to  play,  gave  manifeft  and  general 
delight.  Give  me  leave  on  this  occafion  to  extend  a  little 
the  fenfe  of  your  pofition.  That  “  Melody  and  Harmony 
are  feparately  agreable,  and  in  union  delightful,”  and  to 
give  it  as  my  opinion  that  the  reafon  why  the  Scotch  tunes 
have  lived  fo  long,  and  will  probably  live  forever  (if they 
efcape  being  ftifled  in  modern  affe&ed  ornament)  is  mere¬ 
ly  this,  that  they  are  really  compofitions  of  melody  and  har¬ 
mony  united,  or  rather  that  their  melody  is  harmony.  I 
mean  the  Ample  tunes  fung  by  a  tingle  voice.  As  this 
will  appear  parodoxical,  I  mull  explain  my  meaning.  In 
common  acceptation,  indeed,  only  an  agreable  fuccejjion 
of  founds  is  called  melody ,  and  only  the  co-exiflence  of  a- 
greable  founds,  harmony.  But  tince  the  memory  is  capa¬ 
ble  of  retaining  for  fome  moments  a  perfect  idea  of  the 
pitch  of  a  paft  found,  fo  as  to  compare  with  it  the  pitch  of 
a  fucceeding  found,  and  judge  truly  of  their  agreement  or 
difagreement,  there  may  and  does  arife  from  thence  a  fenfe 
of  harmony  between  the  prefent  and  paft  founds,  equally 
pleating  with  that  between  two  prefent  founds.  Now  the 
conftru&ion  of  the  old  Scotch  tunes  is  this,  that  almoft  e- 
very  fucceeding  emphatical  note,  is  a  third,  a  fifth,  an  ’ 
odtave,  or  in  thort  fome  note  that  is  in  concord  with  the 
preceding  note.  Thirds  are  chiefly  ufed,  which  are  very 
pleafing  concords.  I  ufe  the  word  emphatical  to  diftinguith 

thofe 


tliofe  notes  which  have  a  ftrefs  laid  on  them  in  finging  the 
tune,  from  the  lighter  connecting  notes,  that  ferve  merely,, 
like  grammar  articles  in  common  fpeech,  to  tack  the  whole 
together. 

That  we  have  a  moft  perfeft  idea  of  a  found  juft  paft, 

J  might  appeal  to  all  acquainted  with  mufick,  who  know 
how  eafy  it  is  to  repeat  a  found  in  the  fame  pitch  with  one 
juft  heard.  In  tuning  an  inftrument,  a  good  ear  can  as 
eafily  determine  that  two  firings  are  in  unifon  by  founding 
them  feparately,  as  by  founding  them  together  ;  their  dis¬ 
agreement  is  alfo  as  eafily,  I  believe  I  may  fay  more  eafily 
and  better  diftinguifhed  when  founded  feparately;  for  when 
founded  together,  tho’  you  know  by  the  beating  that  one 
is  higher  than  the  other,  you  cannot  tell  which  it  is..  I 
have  afcribed  to  memory  the  ability  of  comparing  the  pitch 
of  a  prefent  tone  with  that  of  one  pall..  But  if  there  fhould 
be,  as  poflibly  there  may  be,  fomething  in  the  ear  fimilar 
to  what  we  find  in  the  eye,  that  ability  would  not  be  en¬ 
tirely  owing  to  memory.  Poffibly  the  vibrations  given  to- 
the  auditory  nerves  by  a  particular  found  may  actually 
continue  fome  time  after  the  caufe  ofthofe  vibrations  is  pall,, 
and  the  agreement  or  difagreement  of  a  fubfequent  found 
become  by  comparifon  with  them  more  difcernible.  For 
the  impreffion  made  on  the  vifual  nerves  by  a  luminous  ob¬ 
ject  will  continue  for  twenty  or  thirty  feconds.  Sitting  in 
a  room  look  earneftly  at  the  middle  of  a  window  a  little 

while  when  the  day  is  bright,  and  then  fhut  your  eyes ;. 

the 
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*  * 

the  figure  of  the  window  will  ftill  remain  in  the  eye,  and 
fo  diftindt  that  you  may  count  the  panes.  A  remarkable 
circumftance  attending  this  experiment,  is,  that  the  im- 
Preffion  of  forms  is  better  retained  than  that  of  colours  ; 
for  after  the  eyes  are  fhut,  when  you  firft  difcern  the 
image  of  the  window,  the  panes  appear  dark,  and  the 
crofs  bars  of  the  fafhes,  with  the  window  frames  and  walls, 
appear  white  or  bright;  but  if  you  ftill  add  to  the  darknefs 
in  the  eyes  by  covering  them  with  your  hand,  the  reverfe 
inftantly  takes  place,  the  panes  appear  luminous  and  the 
crofs  bars  dark.  And  by  removing  the  hand  they  are 
again  leverfed.  Tfhis  X  knowr  not  how  to  account  for  — 
Nor  for  the  following  ;  that  after  looking  long  thro’  green 
fpedtacles,  the  white  paper  of  a  book  will  on  firft  taking 
them  off  appear  to  have  a  blulh  of  red ;  and  after  long 
looking  thro’  red  glaffes,  a  greenifh  caft ;  this  feems  to 
intimate  a  relation  between  green  and  red  not  yet  explain¬ 
ed.  Farther,  when  we  conlider  by  whom  thefe  ancient 
tunes  were  compoled,  and  how  they  were  firft  performed 
we  fhall  fee  that  fuch  harmonical  fucceffions  of  founds 
was  natural  and  even  neceflary  in  their  conftrudtion. 
They  were  compofed  by  the  minftrels  of  thofe  days 
to  be  played  on  the  harp  accompanied  by  the  voice. 
The  harp  was  ftrung  with  wire,  which  gives  a  found 
of  long  continuance,  and  had  no  contrivance  like  that 
in  the  modern  harpfichord,  by  which  the  found  of 
the  preceding  could  be  ftopt,  the  moment  a  fucceeding 

note 
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note  began.  To  avoid  adual  difcord,  it  was  therefore 
neceffary  that  the  fucceeding  emphatic  note  fhould  be  a 
chord  with  the  preceding,  as  their  founds  muft  exiffc  at  the 
fame  time.  Hence  arofe  that  beauty  in  thofe  tunes  that 
has  fo  long  pleafed,  and  will  pleafs  foi  ever,  tho  men 
fcarce  know  why.  That  they  were  originally  compofed 
for  the  harp,  and  of  the  mod  Ample  kind,  I  mean  a  harp 
without  any  half  notes  but  thofe  in  the  natural  fcale,  and 
with  no  more  than  two  o&aves  of  firings,  from  C  to  C, 

I  conjedture  from  another  circumftance,  which  is,  that  not 
one  of  thofe  tunes  really  ancient,  has  a  Angle  artificial  half 
note  in  it,  and  that  in  tunes  where  it  was  moft  convenient 
for  the  voice  to  ufe  the  middle  notes  of  the  harp,  and  place 
the  key  in  F,  there  the  B,  which  if  ufed  fhould  be  a  B 
flat,  is  always  omitted,  by  palling  over  it  with  a  third. 
The  connoiffeurs  in  modern  mufic  will  fay,  I  have  no  tafle, 
but  I  cannot  help  adding,  that  I  believe  our  anceftors,  in 
hearing  a  good  fong,  diftindlly  articulated,  fung  to  one  of 
thofe  tunes,  and  accompanied  by  the  harp,  felt  more  real 
pleafure  than  is  communicated  by  the  generality  of  modern 
operas,  exclufive  of  that  arifing  from  the  fcenery  and 
dancing.  Moft  tunes  of  late  compofition,  not  having  this 
natural  harmony  united  with  their  melody,  have  recourfe 
to  the  artificial  harmony  of  a  bafs,  and  other  accompanying 
parts*.  This  fupport,  in  my  opinion,  the  old  tunes  do  not 

need, 

*  The  celebrated  RouJJeau  in  his  DiSionaire  de  Mujique,  printed  1768,  ap¬ 
pears  to  have  fimilar  fentiments  of  oar  modern  Harmony,  viz. 

“  M.  Rameau 
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need,  and  are  rather  confufed  than  aided  by  it.  Who¬ 
ever  has  heard  James  Ofwald  play  them  on  his  violoncello, 
will  be  lefs  inclined  to  difpute  this  with  me.  I  have  more 
than  once  feen  tears  of  pleafure  in  the  eyes  of  his  auditors  $ 
and  yet,  I  think,  even  bis  playing  thofe  tunes  would  pleafe 
more,  if  he  gave  them  lefs  modem  ornament. 

I  am,  &c. 

B.  F. 

e{  M.  Rameau  pretend  que  les  deflus  dune  certaine  fimplicite  fuggerent 
naturellement  leur  bafle,  &  qu’un  homme  ayant  l’oreille  jufte  &  non  exercee, 
cntonnera  naturellement  cette  bade.  Cell-la  un  prejuge  de  muficien,  de¬ 
menti  par  toute  experience.  Non  feulement  celui  qui  n’aura  jamais  entendu 
sii  bafle  ni  harmonie ,  ne  trouvera,  de  Iui-meme,  ni  cette  harmonie  ni  cette  bafle  ; 
mais  elles  lui  deplairont  fi  on  les  lui  fait  entendre,  &  il  aixnera  beaucoup 
mieux  le  Ample  uniflon. 

Quand  on  fonge  que,  de  tous  les  peoples  de  la  terre,  qui  tous  ont  une  muii¬ 
que  &  un  chant,  les  Europeens  font  les  feuls  qui  aient  une  harmonie  des  ac¬ 
cords,  &  qui  trouvent  ce  melange  agreable  ;  quand  on  fonge  que  le  monde  a 
dure  tant  de  fiecles,  fans  que,  de  toutes  les  nations  qui  ont  cultive  les  beaux 
arts,  aucune  ait  connu  cette  harmonie ;  qu’aucun  animal,  qu’aucun  oifeau, 
qu’aucun  etre  dans  la  nature  ne  produit  d’antre  accord  que  Puniflon,  ni  d’au- 
tre  muiique  que  la  melodic  ;  que  les  langues  orientales,  ii  fonores,  ii  muiica- 
les  ;  que  les  oreilles  Grecques,  ii  delicates,  ii  feniibles,  exercees  avec  tant 
d  art,  n’ont  jamais  guide  ces  peuples  voluptueux  &  paflionnes  vers  notre  har¬ 
monie  ;  que,  fans  elle,  leur  muiique  avoit  des  effets  ii  prodigieux  :  qu’avec 
elle  la  notre  en  a  de  ii  foibles  ;  qu’enfin  il  etoit  referve  a  des  peuples  du 
Nord,  dont  les  organes  durs  &  groffiers  font  plus  touches  de  leclat  &  du  bruit 
des  voix,  que  de  la  douceur  des  accens,  &  de  la  melodie  des  inflexions,  de 
faire  cette  grande  decouverte,  &  de  la  donner  pour  principe  a  toutes  les  regies 
de  Part ;  quand,  dis-je,  on  fait  attention  a  tout  cela,  il  eil  bien  difficile  de 
ne  pas  foupqonner  que  toute  notre  harmonie  n’eit  qu’une  invention  gothique 
&  barbare,  dont  nous  ne  nous  fuflions  jamais  avifes,  ii  nous  euffions  ete  plus 
fenfibles  aux  veritables  beautes  de  Part,  &  a  la  mufique  vraiment  naturelle.’* 


L  E  T  T  E  R  LVI. 

To  Mr.  P.  F.  Newport,  New  England. 

Dear  Brother , 

#  *  #  ,c  I  like  your  ballad,  and  think  it  well  adapted 
for  your  purpofe  of  difcountenancing  expenfive  foppery, 
and  encouraging  induftry  and  frugality.  If  you  can  get  it 
generally  fung  in  your  country,  it  may  probably  have  a  good 
deal  of  the  effed  you  hope  and  exped  from  it.  But  as 
you  aimed  at  making  it  general,  I  wonder  you  chofe  fo 
uncommon  a  meafure  in  poetry,  that  none  of  the  tunes  in 
common  ufe  will  fuit  it.  Had  you  fitted  it  to  an  old  one, 
well  known,  it  mult  have  fpread  much  fafter  than  I  doubt 
it  will  do  from  the  beft  new  tune  we  can  get  compos’d  for 
it.  I  think  too,  that  if  you  had  given  it  to  fome  country 
girl  in  the  heart  of  the  Majfacbufets ,  who  has  never  heard 
any  other  than  pfalm  tunes,  or  Chevy  Chace,  the  Children  in 
the  Wood ,  the  Spanijh  Lady ,  and  fuch  old  Ample  ditties, 
but  has  naturally  a  good  ear,  fire  might  more  probably  have 
made  a  pleafing  popular  tune  for  you,  than  any  of  our 

mailers  here,  and  more  proper  for  your  purpofe,  which 

R  rr  would 
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would  befi:  be  anfwered,  if  every  word  could  as  it  is  fung 
be  underftood  by  all  that  hear  it,  and  if  the  emphafis  you 
intend  for  particular  words  could  be  given  by  the  linger 
as  well  as  by  the  reader ;  much  of  the  force  and  impref- 
fion  of  the  fong  depending  on  thofe  circumftances.  I  will 
however  get  it  as  well  done  for  you  as  I  can. 

Do  not  imagine  that  I  mean  to  depreciate  the  ikill  of 
our  compofers  of  mufic  here  s  they  are  admirable  at  pleat¬ 
ing  praSlifed  ears,  and  know  how  to  delight  one  another ; 
but,  in  compoiing  for  fongs,  the  reigning  tafte  feems  to  be 
quite  out  of  nature,  or  rather  the  reverfe  of  nature,  and  yet 
like  a  torrent,  hurries  them  all  away  with  it  j  one  or  two 
perhaps  only  excepted. 

You,  in  the  fpirit  of  fome  ancient  legillators,  would 
influence  the  manners  of  your  country  by  the  united 
powers  of  poetry  and  mufic.  By  what  I  can  learn  of  their 
fongs,  the  mufic  was  Ample,  conformed  itfelf  to  the  ufual 
pronunciation  of  words,  as  to  meafure,  cadence  or  empha- 
iis,  &c.  never  difguifed  and  confounded  the  language  by 
making  a  long  fyllable  fhort,  or  a  fhort  one  long  when 
fung ;  their  finging  was  only  a  more  pleafing,  becaufe  a 
melodious  manner  of  fpeaking ;  it  was  capable  of  all  the 
graces  of  profe  oratory,  while  it  added  the  pleafure  of  har¬ 
mony.  A  modern  fong,  on  the  contrary,  negleds  all  the 
proprieties  and  beauties  of  common  fpeech,  and  in  their 
place  introduces  its  defeats  and  abfurdities  as  fo  many  gra¬ 
ces.  I  am  afraid  you  will  hardly  take  my  word  for  this, 

and 


and  therefore  I  muft  endeabour  to  fupport  it  by  proof. 
Here  is  the  firft  fong  I  lay  my  hand  on.  It  happens  to  be 
a  compofition  of  one  of  our  greateft  matters,  the  ever  fa¬ 
mous  Handel.  It  is  not  one  of  his  juvenile  performances, 
before  his  tafte  could  be  improved  and  formed :  It  appear¬ 
ed  when  his  reputation  was  at  the  higheft,  is  greatly  admir¬ 
ed  by  all  his  admirers,  and  is  really  excellent  in  its  kind. 
It  is  called.  The  additional  Favourite  Song  in  Judas 
Maccabeus.  Now  I  reckon  among  the  defeats  and  im¬ 
proprieties  of  common  fpeech,  the  following,  viz. 

i 

1.  Wrong  placing  the  accent  or  emphafis ,  by  laying  it  on 
words  of  no  importance,  or  on  wrong  fyllables. 

2.  Drawling ;  or  extending  the  found  of  words  or  fyl¬ 
lables  beyond  their  natural  length. 

3.  Stuttering ;  or  making  many  fyllables  of  one. 

4.  TJnintelligiblenefs  i  the  refult  of  the  three  foregoing 
united. 

5.  Tautology,  and 

6.  Screaming,  without  caufe.' 

For  the  wrong  placing  of  the  accent ,  or  emphafis ,  fee  it 
on  the  word  their  inftead  of  being  on  the  word  vain. 
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And  on  the  word  from ,  and  the  wrong  fyllable  like. 
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God  -like  Wifdom  from  a _ bo\re. 

For  the  Drawling,  fee  the  laft  fyllable  of  the  word  wounded 
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And  in  the  fyllable  wij\  and  the  word  from ,  and  fyllable  hove 
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God -like  Wifdom  from  a  -  hove 

For  the  Stuttering^  fee  the  words  tie'  er  relieve ,  in 

^  vr .  i  ^ 


Charms  can  tie1 er  re  -  lieve  you 

Here  are  four  fyllables  made  of  one,  and  eight  of  three  • 
but  this  is  moderate,  I  have  feen  in  another  fong  that  I 
cannot  now  find,  feventeen  fyllables  made  of  three,  and  fix- 
teen  of  one ;  the  latter  I  remember  was  the  word  charms  • 
viz.  Chay  a ,  ay  ay  ay  ay  ay  ay  ay  ay  ay  ay  ay  ay  armst  Stam¬ 
mering  with  a  witnefs ! 

For  the  Unintelligihlenefs  j  give  this  whole  fong  to  any 

taught 
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taught  finger,  and  let  her  fing  it  to  any  company  that 
have  never  heard  it ;  you  (hall  find  they  will  not  under¬ 
hand  three  words  in  ten.  It  is  therefore  that  at  the  oi  ato- 
rio’s  and  operas  one  fees  with  books  in  their  hands  all  thofe 
who  defire  to  underftand  what  they  hear  fung  by  even  our 
bed:  performers. 

For  the  Tautology  ;  you  have,  with  their  vain  myfierious 

art,  twice  repeated;  Magic  charms  can  ne'er  relieve  you, 

three  times.  Nor  can  heal  the  wounded  heart,  three  times.. 
Godlike  wifdotn  from  above,  twice ;  and,  this  alone  can  ne  er 
deceive  you,  two  or  three  times.  But  this  is  reafonable 
when  compared  with  the  Monfter  Polypheme,  the  Monfter 
Polypheme,  a  hundred  times  over  and  over,  in  his  admired 

jlcis  and  Galatea . 

As  to  the  fere  anting  y  perhaps  I  cannot  find  a  fair  In- 
dance  in  this  long;  but  whoever  has  frequented  our  ope¬ 
ras  will  remember  many.  And  yet  here  methinks  the 
words  iig  and  ey  er,  when  fung  to  thefe  noteSj  have  a  little 
of  the  air  of  f 'creaming ,  and  would  actually  be  feream  d  by 
feme  fingers. 
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No  magic  c'harms  can  e  er  re— -lieve  you. 

I  fend  you  inclofed  the  fong  with  its  mufic  at  length. 

Read  the  words  without  the  repetitions.  Obferve  how 

■  ’  ’  few 
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few  they  are,  and  what  a  fhower  of  notes  attend  them. 
You  will  then  perhaps  he  inclined  to  think  with  me,  that 
though  the  words  might  be  the  principal  part  of  an  anci¬ 
ent  fong,  they  are  of  fmali  importance  in  a  modern  one ; 
they  are  in  fhort  only  a  pretence  for  finging. 

I  am ,  as  ever , 

Tour  affeElionate  brother , 

B.  F\ 

P.  S .  I  might  have  mentioned  Tnarticulation  among 
the  defedts  in  common  fpeech  that  are  affirmed  as  beauties 
in  modem  tinging.  But  as  that  feems  more  the  fault  of 
the  finger  than  of  the  compofer,  I  omitted  it  in  what  relat¬ 
ed  merely  to  the  compofition.  The  fine  finger  in  the  pre- 
fent  mode,  ftifles  all  the  hard  confonants,  and  polifhes  away 
all  the  rougher  parts  of  words  that  ferve  to  diftinguifh  them 
one  from  another  $  fo  that  you  hear  nothing  but  an  admi¬ 
rable  pipe,  and  underftand  no  more  of  the  fong,  than  you 
would  from  its  tune  played  on  any  other  inftrument.  If 
ever  it  was  the  ambition  of  muficians  to  make  inftruments 

that  fhould  imitate  the  human  voice,  that  ambition  feems 

-  '  ■  .  ■  •  ■*  __  «  ■.« ,  . 

now  reverfed,  the  voice  aiming  to  be  like  an  inftrument. 
Thus  wigs  were  firft  made  to  imitate  a  good  natural  head 
of  hair  ;r-but  when  they  became  fafhionable,  though  in 
unnatural  forms,  we  have  feen  natural  hair  drefled  to  look 
like  wigs. 

0/ 
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LETTER  L 


Of  Lightning,  and  the  Method  (now  ufed  in 
America)  of  fecuring  Buildings  and  Perfons 
from  its  mifchievous  EffeSls. 


EXPERIMENTS  made  in  eledtricity  firft  gave  phi- 
j  lofophers  a  fufpicion  that  the  matter  of  lightning 
was  the  fame  with  the  eledtric  matter.  Experiments  after¬ 
wards  made  on  lightning  obtained  from  the  clouds  by 
pointed  rods, .  received  into  bottles,  and  fubjedted  to  every 
trial,  have  fince  proved  this  fufpicion  to  be  perfedfly  well 
founded  ;  and  that  whatever  properties  we  find  in  .eledtri- 
eity,  are  alfo  the  properties  of  lightning. 

This  matter  of  lightning,  or  of  eledlricity,  is  an  extream 
fiibtile  fluid,  penetrating  other  bodies,  and  fubfifting  in 
them,  equally  diffufed. 

When  by  any  operation  of  art  or  nature,  there  happens 
to  be  a  greater  proportion  of  this  fluid  in  one  body  than  in 
another,  the  body  which  has  mod,  will  communicate  to 
that  which  has  leaft,  till  the  proportion  becomes  equal ; 
provided  the  diftance  between  them  be  not  too  great ; 
or  if  it  is  too  great,  till  there  be  proper  condudlors  to  con¬ 
vey  it  from  one  to  the  other. 

If 
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If  the  communication  be  through  the  air  without  any 
conductor,  a  bright  light  is  feen  between  the  bodies,  and  a 
found  is  heard.  In  our  fmall  experiments  we  call  this  light 
and  found  the  eledtric  fpark  and  fnap  ;  but  in  the  great 
operations  of  nature,  the  light  is  what  we  call  lightnings 
and  the  found  (produced  at  the  fame  time,  tho’  generally 
arriving  later  at  our  ears  than  the  light  does  to  our  eyes)  is, 
with  its  echoes,  called  thunder. 

If  the  communication  of  this  fluid  is  by  a  condudtor,  it 
may  be  without  either  light  or  found,  the  fubtle  fluid  paf- 
fing  in  the  fubflance  of  the  condudtor. 

If  the  condudtor  be  good  and  of  fufficient  bignefs,  the 
fluid  paffes  through  it  without  hurting  it.  If  otherwife,  it 
is  damaged  or  deftroyed. 

All  metals,  and  water,  are  good  condudtors. — Other  bo¬ 
dies  may  become  condudtors  by  having  fome  quantity  of 
water  in  them,  as  wood,  and  other  materials  ufed  in  build¬ 
ing,  but  not  having  much  water  in  them,  they  are  not  good 
condudtors,  and  therefore  are  often  damaged  in  the  opera¬ 
tion. 

Glafs,  wax,  filk,  wool,  hair,  feathers,  and  even  wood, 
perfedlly  dry  are  non-condudtors :  that  is,  they  refill  in- 
flead  of  facilitating  the  paflage  of  this  fable  fluid. 

When  this  fluid  has  an  opportunity  of  palling  through 

■  ■  ■  * 

two  condudtors,  one  good,  and  fufficient,  as  of  metal,  the 
other  not  fo  good,  it  paffes  in  the  beft,  and  will  follow  it 
in  any  diredtion. 


The 


The  diftance  at  which  a  body  charged  with  this  fluid 
will  difcharge  itfelf  fuddenly,  ftriking  through  the  air  into 
another  body  that  is  not  charged,  or  not  fo  highly  charg’d, 
is  different  according  to  the  quantity  of  the  fluid,  the  di- 
menfions  and  form  of  the  bodies  themfelves,  and  the  flats 
of  the  air  between  them. — This  diftance,  whatever  it  hap¬ 
pens  to  be  between  any  two  bodies,  is  called  xh.€vc  Jinking 
diftance,  as  till  they  come  within  that  diftance  of  each  o- 

ther,  no  ftroke  will  be  made. 

The  clouds  have  often  more  of  this  fluid  in  proportion 
than  the  earth ;  in  which  cafe  as  foon  as  they  come  near 
enough  (that  is,  within  the  ftriking  diftance)  or  meet  with 
a  conductor,  the  fluid  quits  them  and  ftrikes  into  the  earth. 
A  cloud  fully  charged  with  this  fluid,  if  fo  high  as  to  be  be¬ 
yond  the  ftriking  diftance  from  the  earth,  pafles  quietly  with- 
* 

out  making  noife  or  giving  light ;  unlefs  it  meets  with  other 

clouds  that  have  lefs.  > 

Tall  trees,  and  lofty  buildings,  as  the  towers  and  fpires  of 

churches,  become  fometimes  conductors  between  the  clouds 
~  * 

f 

and  the  earth;  but  not  being  good  ones,  that  is,  not  con¬ 
veying  the  fluid  freely,  they  are  often  damaged. 

Buildings  that  have  their  roofs  covered  with  lead,  or  other 
metal,  and  fpouts  of  metal  continued  from  the  roof  into  the 
ground  to  carry  off  the  water,  are  never  hurt  by  lightning, 
as  whenever  it  falls  on  fuch  a  building,  it  paffes  in  the  me¬ 
tals  and  not  in  the  walls. 

*  s  ,  .  4  - 
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When  other  buildings  happen  to  be  within  the  ftriking 
diftance  from  fuch  clouds,  the  fluid  pafles  in  the  walls 
whether  of  wood,  brick  or  ftone,  quitting  the  walls  only 
when  it  can  find  better  conductors  near  them,  as  metal  rods 
bolts,  and  hinges  of  windows  or  doors,  gilding  on  wainfcot, 
or  frames  of  pictures ;  the  filvering  on  the  backs  of  look¬ 
ing-glades ;  the  wires  for  bells;  and  the  bodies  of  animals, 
as  containing  watry  fluids.  And  in  paffing  thro’  the  houfe 
it  follows  the  direction  of  thefe  conductors,  taking  as  many 
in  it’s  way  as  can  afiift  it  in  its  paflage,  whether  in  a  ftrait 
or  crooked  line,  leaping  from  one  to  the  other,  if  not  far 
diftant  from  each  other,  only  rending  the  wall  in  the 
fpaces  where  thefe  partial  good  conductors  are  too  diftant 
from  each  other. 

An  iron  rod  being  placed  on  the  outfide  of  a  building, 
from  the  higheft  part  continued  down  into  the  moift  earth, 
in  any  direction  ftrait  or  crooked,  following  the  form  of  the 
roof  or  other  parts  of  the  building,  will  receive  the  light¬ 
ning  at  its  upper  end,  attracting  it  fo  as  to  prevent  its  ftrik- 
ing  any  other  part ;  and,  affording  it  a  good  conveyance 
into  the  earth,  will  prevent  its  damaging  any  part  of  the 
building. 

A  fmall  quantity  of  metal  is  found  able  to  conduCt  a 
great  quantity  of  this  fluid.  A  wire  no  bigger  than  a 
goofe  quill,  has  been  known  to  conduCt  (with  fafety  to 
the  building  as  far  as  the  wire  was  continued)  a  quantity 
of  lightning  that  did  prodigious  damage  both  above  and 

below 
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below  it  5  and  probably  larger  rods  are  not  neceffary,  tho’ 
it  is  common  in  America,  to  make  them  of  half  an  inch* 
fome  of  three  quarters*  or  an  inch  diameter. 

The  rod  may  be  .fattened  to  the  wall*  chimney,  &c. 
with  ftaples  of  iron. — The  lightning  will  not  leave  the 
rod  (a  good  conductor)  to  pafs  into  the  wall  (a  bad  con¬ 
ductor),  through  thofe  ftaples. — It  would  rather*  if  any 
were  in  the  wall*  pafs  out  of  it  into  the  rod  to  get  more 
readily  by  that  conductor  into  the  earth. 

If  the  building  be  very  large  and  extenfive,  two  or  more 
rods  may  be  placed  at  different  parts*  for  greater  fecurity. 

Small  ragged  parts  of  clouds  fufpended  in  the  air  be¬ 
tween  the  great  body  of  clouds  and  the  earth  (like  leaf 
gold  in  electrical  experiments)*  often  ferve  as  partial  con¬ 
ductors  for  the  lightning,  which  proceeds  from  one  of 
them  to  another,  and  by  their  help  comes  within  the  ftrik- 
ing  diftance  to  the  earth  or  a  building.  It  therefore  ftrikes 
through  thofe  conductors  a  building  that  would  otherwife 
be  out  of  the  ftriking  diftance. 

Long  fharp  points  communicating  with  the  earth,  and 
prefented  to  fuch  parts  of  clouds*  drawing  filently  from 
them  the  fluid  they  are  charged  with,  they  are  then  attracted 
to  the  cloud,  and  may  leave  the  diftance  fo  great  as  to  be 
beyond  the  reach  of  ftriking. 

It  is  therefore  that  we  elevate  the  upper  end  of  the  rod 
fix  or  eight  feet  above  the  higheft  part  of  the  building,  ta« 

Sff  2 
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pering  it  gradually  to  a  fine  fharp  point,  which  is  gilt  to 
prevent  its  rafting. 

Thus  the  pointed  rod  either  prevents  a  ftroke  from  the 
cloud,  or,  if  a  ftroke  is  made,  conduds  it  to  the  earth  with 
fafety  to  the  building. 

The  lower  end  of  the  rod  fliould  enter  the  earth  fo 
deep  as  to  come  at  the  moift  part,  perhaps  two  or  three 
feet;  and  if  bent  when  under  the  furface  fo  as  to  go  in  a 
horizontal  line  fix  or  eight  feet  from  the  wall,  and  then 
bent  again  downwards  three  or  four  feet,  it  will  prevent 
damage  to  any  of  the  ftones  of  the  foundation. 

A  perfon  apprehenfive  of  danger  from  lightning,  hap¬ 
pening  during  the  time  of  thunder  to  be  in  a  houfe  not  fo 
fecured,  will  do  well  to  avoid  fitting  near  the  chimney, 
near  a  looking  glafs,  or  any  gilt  pidures  or  wainfcot;  the 
fafeft  place  is  in  the  middle  of  the  room,  (fo  it  be  not  under 
a  metal  luftre  fufpended  by  a  chain)  fitting  in  one  chair 
and  laying  the  feet  up  in  another.  It  is  ftill  fafer  to  bring 
two  or  three  mattraffes  or  beds  into  the  middle  of  the 
room,  and  folding  them  up  double,  place  the  chair  upon 
them;  for  they  not  being  fo  good  condudors  as  the  walls, 
the  lightning  will  not  chufe  an  interrupted  courfe  through 
the  air  of  the  room  and  the  bedding,  when  it  can  go  thro’ 
a  continued  better  condudor  the  wall.  But  where  it  can 

be  had,  a  hamock  or  fwinging  bed,  fufpended  by  filk  cords 

♦ 

equally  diftant  from  the  walls  on  every  fide,  and  from  the 
deling  and  floor  above  and  below,  affords  the  fafeft 

fituation 
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fituation  a  perfon  can  have  in  any  room  whatever  j  and 
what  indeed  may  be  deemed  quite  free  from  danger  of  any 
ftroke  by  lightning. 

Paris,  Sept.  1767.  .B.  B. 


letter  lx. 


Extra#  of  a  Letter  from  J,  W.  Efq ;  Profejfor 
of  N aint  al  Philofophy  at  Cambridge,  in  New 
England,  fan.  6,  1 768. 


«  *  *  *  I  have  read  in  the  Philofophical  Tranfadions 
«  the  account  of  the  effeds  of  lightning  on  St.  Bride’s 
“  fteeple.  ’Tis  amazing  to  me,  that  after  the  full  demon- 
<c  Oration  you  had  given,  of  the  identity  of  lightning  and  of 
«  eledricity,  and  the  power  of  metalline  condudors,  they 
<C  ihould  ever  think  of  repairing  that  fteeple  without  fuch 
«  condudors.  How  aftonithing  is  the  force  of  prejudice 
<«  even  in  an  age  of  fo  much  knowledge  and  free  en- 


5<  quiry !” 


Answer 
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Answer  to  the  above. 

*  *  *  It  is  perhaps  not  fo  extraordinary  that  unlearned 
men,  fuch  as  commonly  compofe  our  church  veftries, 
Ihould  not  yet  be  acquainted  with,  and  fenfible  of  the  be¬ 
nefits  of  metal  conductors  in  averting  the  ftroke  of  light¬ 
ning,  and  preferving  our  houfes  from  its  violent  effects,  or 
that  they  fhould  be  ftill  prejudiced  againft  the  ufe  of  fuch 
conductors,  when  we  fee  how  long  even  philofophers,  men 
of  extenfive  fcience  and  great  ingenuity,  can  hold  out  a- 
gainft  the  evidence  of  new  knowledge,  that  does  not  fquare 
with  their  preconceptions}  and  how  long  men  can  retain 
a  practice  that  is  conformable  to  their  prejudices,  and  ex- 
peft  a  benefit  from  fuch  practice,  though  conftant  experi¬ 
ence  fhows  its  inutility.  A  late  piece  of  the  Abbe  Nollet, 
printed  laft  year  in  the  memoirs  of  the  French  Academy 
of  fciences,  affords  ftrong  inftances  of  this :  For  though  the 
very  relations  he  gives  of  the  effeCts  of  lightning  in  feveral 
churches  and  other  ouildings,  fhow  clearly  that  it  was  con¬ 
ducted  from  one  part  to  another  by  wires,  gildings,  and 
other  pieces  of  metal  that  were  within,  or  connected  with 
the  building,  yet  in  the  fame  paper  he  objeCts  to  the  pro¬ 
viding  metalline  conductors  without  the  building,  as  ufelefs 
or  dangerous*.  He  cautions  people  not  to  ring  the  church 


bells 

*  Notre  curiofite  pourroit  peut-etre  s’applaudir  des  recherches  qu’elle  nous 
a  fait  faire  fur  la  nature  du  tonnerre,  &  fur  la  mecanifme  de  fes  principaux 
effeta,  mats  ce  neft  point  ce  qu'il  ya  deplus  important;  il  vaudroit  bien  roieux 


bells  during  a  thunder- ft orm,  left  the  lightning,  in  its  way 
to  the  earth,  fhouid  be  conduced  down  to  them  by  the 
bell  ropes*,  which  are  but  bad  condu&ors  $  and  yet  is  a- 
gainft  fixing  metal  rods  on  the  outfide  of  the  fteeple,  which 
are  known  to  be  much  better  conductors,  and  which  it 
would  certainly  chujb  to  pafs  in,  rather  than  in  dry  hemp. 
A.nd  though  for  a  thoufand  years  paft  bells  have  been  fo— 
lemnly  confecrated  by  the  Romifh  churchf ,  in  expectation 

that 

que  nous  puiflions  trouvcr  quelque  moyen  de  nous  en  garantir:  on  y  a  penfe; 
on  s’eft  meme  flatte  d’ avoir  fait  cette  grande  dtcouverte  ;  mais  malheureufe- 
ment  douze  annees  d epreuves  &  un  peu  de  reflexion,  nous  apprennent  quit 
ne  faut  pas  compter  fur  les  promefles  qu’on  nous  a  faites.  Je  1’ai  dit,  il  y  a 
long  temps,  and  avec  regret,  toutes  ces  pointes  de  fer  qu’on  drefle  en  Pair,  foit 
comme  eliSro/copts ,  foit  comme  prefervatifs,  ***  font  plus  propre  a  nous  attirer 
le  feu  du  tonnerre  qu  a  nous  en  preferver ;  ***  &  je  perfifte  a  dire  que  le  projet 
d  epuifer  une  nuee  orageufe  du  feu  dont  elle  eit  chargee,  n’efl:  pas  celui  d’un 
phyficien. — ***.  Memoirefur  les  Effets  du  Tonnerre . 

*  Les  cloches,  en  vertu  de  leur  benedidion,  doivent  ecarter  les  orages  & 
nous  preferver  des  coups  de  foudre;  mais  leglife permeta  la  prudence  humaine 
le  choix  des  momens  ou  il  convient  d’ufer  de  ce  prefervatif.  Je  ne  fais  fi  le 
fon,  confidere  phyfiquement,  eft  capable  ou  non  de  faire  crever  une  nuee  &  de 
caufer  l’epanchement  de  fon  feu  vers  les  objets  terreftres,  mais  il  eft  certain  & 
prouve  par  l’experience,  que  la  tonnerre  peut  tomber  fur  un  clocher,  foit  que 
l’on  y  fonne  ou  que  Ion  n’y  fonne  point;  &  ft  cela  arrive  dans  le  premier  cas, 
les  fonneurs  font  en  grand  danger,  parcequ’ils  tiennent  des  cordes  par  lefquelles 
la  commotion  de  la  foudre  peut  fe  communiquer  jufqu’a  eux:  il  eft  done  plus 
fage  de  laifler  les  cloches  en  repos  quand  l’orage  eft  arrive  au-defius  de 
leglife.  Ibid. 

f  Suivant  le  rituel  de  Paris,  lorfqu’on  benit  des  cloches,  on  recite  les  orai- 
Ibns  fuivantes : 


Benedic 
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that  the  found  of  fuch  bleffed  hells  would  drive  away  thofe 
fforms,  and  fecure  our  buildings  from  the  ftroke  of  light- ' 
ning;  and  during  fo  long  a  period,  it  has  not  been  found 
by  experience,  that  places  within  the  reach  of  fuch  bleffed 
lound,  are  fafer  than  others  where  it  is  never  heard 5  but 
that  on  the  contrary,  the  lightning  feems  to  ftrike  fteeples 
of  choice,  and  that  at  the  very  time  the  bells  are  ringing-}-* 
yet  ftill  they  continue  to  blefs  the  new  bells,  and  jangle  ' 
the  old  ones  whenever  it  thunders.— One  would  think  it 
was  now  time  to  try  fome  other  trick;  — and  ours  is  re¬ 
commended  (whatever  this  able  philofopher  may  have 
been  told  to  the  contrary)  by  more  than  twelve  vears  ex¬ 
perience,  wherein,  among  the  great  number  of  houfes  fur- 
nifhed  with  iron  rods  in  North  America,  not  one  fo 
guarded  has  been  materially  hurt  with  lightning,  and  feve- 

Benedic,  Domine  .....  quotiefcumque  fonucrit,  frocul  recedat  *; virtus  inpdiUntium, , 
wtibra  phantafmatis,  incur jio  turbinum,  percuffio  fultninum,  lajio  tcnitruum ,  Calamity 
tempeftatum ,  o?nniJ'que  fpirifus  proceliarum,  &c. 

Deus,  qui  per  beatum  Moijen,  & c . procul  fellentur  inftdiae  inimici, fragor 

grandinum ,  proa- da  turbinum ,  impetus  tempeftatum ,  temperentur  inf  eft  a  tonitrua ,  &c. 

Omnipot ens  Jempit erne  Deus,  &e. . ut  ante  ft ni turn  ejus  ejfugentur  ignita, 

jacula  inimici ,  percujfio  fulminum t  impetus  lapidum ,  Refio  tempeftaium,  &c. 

f  En  1718.  M.  Defiandes  fit  favoir  a  l’Academie  Royale  aes  fciences,  que 
la  nuit  du  14  cu  15  d’Avril  de  la  meme  annee,  le  tonnerre  etoit  tombe  fur 
vingtquatre  eglifes,  depuis  Landernau  jufqu  a  Saint- Pol-de-Leon  en  Bretagne; 
que  ces  eglifes  etoient  precifement  celles  ou  1’on  fonnoit,  &  que  la  foudre  avoit 
epargne  celles  ou  1’on  ne  fonnoit  pas:  que  dans  celle  de  Gouifnon,  qui  fut 
entierement  ruinee,  le  tonnerre  tua  deuxperfonnes  de  quatre  qui  fonnoient,  &c. 
dlift.  de  Id  Ac .  R.  des  Sci.  1719. 
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ral  have  been  evidently  preferved  by  their  means  5  while 
a  number  of  houfes,  churches,  barns,  (hips,  &c.  in  diffe¬ 
rent  places,  unprovided  with  rods,  have  been  ftruck  and 
greatly  damaged,  demolifhed  or  burnt.  Probably  the 
veftries  of  our  Englifli  churches  are  not  generally  well  ac¬ 
quainted  with  thefe  fads  5  otherwife,  fince  as  good  pro- 
teftants  they  have  no  faith  in  the  bleffing  of  bells,  they 
would  be  lefs  excufable  in  not  providing  this  other  fecurity 
for  their  refpedtive  churches,  and  for  the  good  people  that 
may  happen  to  he  affembled  in  them  during  a  tempeft, 
efpecially  as  thofe  buildings,  from  their  greater  height,  are 
more  expofed  to  the  ftroke  of  lightning  than  our  common 
dwellings. 

1  have  nothing  new  in  the  philofophical  way  to  com¬ 
municate  to  you,  except  what  follows.  When  I  was  iaft 
year  in  Germany ,  I  met  with  a  Angular  kind  of  glafs,  be¬ 
ing  a  tube  about  eight  inches  long,  half  an  inch  in  diame¬ 
ter,  with  a  hollow  ball  of  near  an  inch  diameter  at  one 
end,  and  one  of  an  inch  and  half  at  the  other,  hermeti¬ 
cally  fealed,  and  half  filled  with  water.— If  one  end  is 
held  in  hand,  and  the  other  a  little  elevated  above  the 
level,  a  conftant  fuccefiion  of  large  bubbles  proceeds  from 
the  end  in  the  hand  to  the  other  end,  making  an  appear¬ 
ance  that  puzzled  me  much,  ’till  I  found  that  the  fpace 
not  filled  with  water  was  alto  free  from  air,  and  either 
filled  with  a  fubtile  invifible  vapour  continually  riling  from 
the  water,  and  extreamly  rarifiable  by  the  leaft  heat  at 
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one  end,  and  condenfable  again  by  the  leaf!:  coolnefs  at  the 
other;  or  it  is  the  very  fluid  of  fire  itfelf,  which  parting 
from  the  hand  pervades  the  glafs,  and  by  its  expanfive 
force  deprefles  the  water  till  it  can  pafs  between  it  and  the 
glafs,  and  efcape  to  the  other  end,  where  it  gets  thro’  the 
glafs  again  into  the  air.  I  am  rather  inclined  to  the  firfl 
opinion,  but  doubtful  between  the  two.  An  ingenious 
artift  here,  Mr.  Nat' me,  mathematical  inflru  merit-maker, 
has  made  a  number  of  them  from  mine,  and  improved 
them,  for  his  are  much  more  fenfible  than  thofe  I  brought 
from  Germany. — -I  bor’d  a  very  fmall  hole  through  the 
wainfcot  in  the  feat  of  my  window,  through  which  a  little 
cold  air  conftantly  entered,  while  the  air  in  the  room  was 
kept  warmer  by  fires  daily  made  in  it,  being  winter  time. 
I  plac’d  one  of  his  glades,  with  the  elevated  end  againft 
this  hole  ;  and  the  bubbles  from  the  other  end,  which  was 
in  a  warmer ;  fituation,  were  continually  pafling  day  and 
night,  to  the  no  fmall  furprize  of  even  philofophical  fpec- 
tators.  Each  bubble  difcharged,  is  larger  than  that  from 
wThich  it  proceeds,  and  yet  that  is  not  diminifhed;  and  by 
adding  itfelf  to  the  bubble  at  the  other  end,  that  bubble  is 
not  increafed,  which  feems  very  paradoxical — -When  the 
balls  at  each  end  are  made  large,  and  the  connecting  tube 
very  fmall  and  bent  at  right  angles,  fo  that  the  balls,  in- 
itead  of  being  at  the  ends,  are  brought  on  the  fide  of  the 
tube,  and  the  tube  is  held  fo  as  that  the  balls  are  above  it, 
the  water  will  be  depreffed  in  that  which  is  held  in  the 

hand. 


hand,  and  rife  in  the  other  as  a  jet  or  fountain;  when  it  is 
all  in  the  other,  it  begins  to  boil,  as  it  were,  by  the  vapour 
palling  up  through  it;  and  the  inflant  it  begins  to  boil,  a 
fudden  coldnefs  is  felt  in  the  ball  held ;  a  curious  experi¬ 
ment,  this,  firft  obferved  and  (hewn  me  by  Mr.  Nairn*. 
There  is  fomething  in  it  iimilar  to  the  old  obfervation,  I 
think  mentioned  by  Arifiotle,  that  the  bottom  of  a  boiling 
pot  is  not  warm ;  and  perhaps  it  may  help  to  explain  that 
fait;~“if  indeed  it  he  a  fadl. — —When  the  watei  Hands  at 
an  equal  height  in  both  thefe  balls,  and  all  at  red ;  if  you 
wet  one  of  the  balls  by  means  of  a  feather  dipt  in  fpirit, 
though  that  fpirit  is  of  the  fame  temperament  as  to  heat 
and  cold,  with  the  water  in  the  glaffes,  yet  the  cold  occa- 
fioned  by  the  evaporation  of  the  fpirit  from  the  wetted  ball, 
will  fo  condenfe  the  vapour  over  the  water  contained  in 
that  ball,  as  that  the  water  of  the  other  ball  will  be  prefled 
up  into  it,  followed  by  a  fuccefilon  of  bubbles,  ’till  the  ipi- 
rit  is  all  dried  away.  Perhaps  the  obfervations  on  thefe 
little  infiruments  may  fugged  and  be  applied  to  fome  bene¬ 
ficial  ufes.  It  has  been  thought  that  water  reduced  to  va¬ 
pour  by  heat,  was  rarified  only  fourteen  thoufand  times, 
and  on  this  principle  cur  engines  for  railing  water  by  fire 
are  faid  to  be  condruffed:  But  if  the  vapour  fo  much 
rarified  from  water,  is  capable  of  being  itfelf  Hill  farther 
rarified  to  a  boundlefs  degree  by  the  application  ol  heat 
to  the  veffels  or  parts  of  veflels  containing  the  vapour  (as 
at  firH  it  is  applied  to  tbofe  containing  the  water)  perhaps  a 
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a  much  greater  power  may  be  obtained,  with  little  addi¬ 
tional  expence.  Poffibly  too,  the  power  of  eafily  moving 
water  from  one  end  to  the  other  of  a  moveable  beam  (fuf- 
pended  in  the  middle  like  a  fcale  beam)  by  a  fmail  degree 
of  heat,  may  be  applied  advantageoufly  to  fome  other  me¬ 
chanical  purpofes.  *  *  * 

I  am,  &c.  B,  F. 


LETTER  LXI, 

i  ,  V  / 

To  Sir  John  Pringle y  Bart* 


SIR,  Craven-jlreet,  May  io,  1768* 

YO  U  may  remember  that  when  we  were  travelling 
together  in  Holland,  you  remarked  that  the  track- 
fchuyt  in  one  of  the  ftages  went  flower  than  ulna],  and 
enquired  of  the  boatman,  what  might  be  the  reafon  ;  who 
anfwered,  that  it  had  been  a  dry  feafon,  and  the  water  in 
the  canal  was  low.  On  being  again  aiked  if  it  was  fo  low 
as  that  the  boat  touch’d  the  muddy  bottom ;  he  laid,  no,  not 
fo  low  as  that,  but  fo  low  as  to  make  it  harder  for  the 
horfe  to  draw  the  boat.  We  neither  of  us  at  firft  could 
conceive  that  if  there  was  water  enough  for  the  boat  to 

■  •  fwim 
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fwim  clear  of  the  bottom,  its  being  deeper  would  make  any 
difference-  but  as  the  man  affirmed  it  ferioufly  as  a  thing 
well  known  among  them ;  and  as  the  pundtuality  required 
in  their  fta*es,  was  likely  to  make  fuch  difference,  if  any 
there  were!  more  readily  obferved  by  them,  than  by  other 
watermen  who  did  not  pais  fo  regularly  and  conftantly 
backwards  and  forwards  in  the  fame  track;  I  began  to  ap¬ 
prehend  there  might  be  fomething  in  it,  and  attempted  to 
account  for  it  from  this  confideration,  that  the  boat  in  pro¬ 
ceeding  along  the  canal,  muft  in  every  boat's  length  of  her 
courfe,  move  out  of  her  way  a  body  of  water,  equal  in 
bulk  to  the  room  her  bottom  took  up  in  the  water;  that 
the  water  fo  moved,  muft  pafs  on  each  fide  of  her  and  un- 
d,r  her  bottom  to  get  behind  her;  that  if  the  paffage  under 

her  bottom  was  ftraitened  by  the  (hallows,  more  of  that 

water  muft  pafs  by  her  fides,  and  with  a  fwifter  motion, 
which  would  retard  her,  as  moving  the  contrary  way ;  or 
that  the  water  becoming  lower  behind  the  boat  than  be¬ 
fore  &e  was  preffed  back  by  the  weight  of  its  difference 
in  height,  and  her  motion  retarded  by  having  that  weight 
conftantly  to  overcome.  But  as  it  is  often  loft  time  to  at¬ 
tempt  accounting  for  uncertain  fads,  I  determined  to  make 
an  experiment  of  this  when  1  Ihould  have  convenient  time 

and  opportunity.  , 

Afmr  our  return  to  England ,  as  often  as  I  happened  to  be 

on  the  Thames,  I  enquired  of  our  watermen  whether  they 

were  fenfible  of  any  difference  in  rowing  over  (hallow  or 
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water.  I  found  them  all  agreeing  in  the  fad,  that  there 
was  a  very  great  difference,  but  they  differed  widely  in  ex 
preffing  the  quantity  of  the  difference;  fome  fuppofing  it 
was  equal  to  a  mile  in  fix,  others  to  a  mile  in  three,  &c. 
As  I  did  not  recoiled  to  have  met  with  any  mention  of 
this  matter  in  our  philofophical  books,  and  conceiving  that 
if  the  difference  fhould  really  be  great,  it  might  be  an  ob- 
jed  of  confideration  in  the  many  projeds  now  on  foot  for 
digging  new  navigable  canals  in  this  ifland,  I  lately  put  my 

defign  of  making  the  experiment  in  execution,  in  the  fol¬ 
lowing  manner. 

-r.  _  .  ■*,  .  .  '  ■/  7  "■  1  '■  j  '  .  '  -  .  ’  _ 

I  provided  a  trough  of  plained  boards  fourteen  feet  long 
fix  inches  wide  and  fix  inches  deep,  in  the  clear,  filled  with 
water  within  half  an  inch  of  the  edge,  to  reprefent  a  canal. 
I  had  a  loofe  board  of  nearly  the  fame  length  and  breadth, 
that  being  put  into  the  water  might  be  funk  to  any  depth, 
and  fixed  by  little  wedges  where  I  would  chufe  to  have  it 
flay,  in  order  to  make  different  depths  of  water,  leaving  the 
iurface  at  the  fame  height  with  regard  to  the  fides  of  the 
trough.  I  had  a  little  boat  in  form  of  a  lighter  or  boat  of 
burthen,  fix  inches  long,  two  inches  and  a  quarter  wide, 
and  one  inch  and  a  quarter  deep.  When  fwimming,  it 
drew  one  inch  water.  To  give  motion  to  the  boat,  I  fixed 
one  end  of  a  long  filk  thread  to  its  bow,  jufib  even  with  the 
water’s  edge,  the  other  end  paffed  over  a  well-made  brafg 
pully,  of  about  an  inch  diameter,  turning  freely  on  a  fmall 
axis;  and  a  drilling  was  the  weight.  Then  placing  the  boat 
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at  one  end  of  the  trough,  the  weight  would  draw  it  thr ough 
the  water  to  the  other. 

Not  having  a  watch  that  fhows  feconds,  in  order  to  mea- 
fure  the  time  taken  up  by  the  boat  in  palling  from  end  to 
end,  I  counted  as  fall  as  I  could  count  to  ten  repeatedly, 
keeping  an  account  of  the  number  of  tens  on  my  lingeis. 
And  as  much  as  poffible  to  corredt  any  little  inequalities  in 
my  counting,  I  repeated  the  experiment  a  number  of  times 
at  each  depth  of  water,  that  I  might  take  the  medium. — 
And  the  following  are  the  refults. 

Water  ii  inches  deep.  2  inches.  4^  inc^es< 


ift 

exp. 

100 

-  -  -  94. 

...  79 

2 

-  - 

104 

-  -  -  93 

...  78 

3 

- 

104 

-  -  -  91 

...  77 

4 

«  *  * 

106 

.  -  -  87 

-  ~  -  79 

5 

- 

100 

...  88 

...  79 

6 

-  - 

99 

.  -  -  86 

V 

...  So 

7 

- 

100 

~  -  -  90 

-  -  ~  79 

8 

-  -  - 

100 

-  -  -  88 

-  -  -  8l 

♦ 

813 

1 

i—i 

""4  1 

632 

Medium 

1 0 1 

Medium  89 

Medium  79 

I  made  many  other  experiments,  but  the  above  are  thofe 
in  which  I  was  moft  exadt;  and  they  ferve  fufficiently  to 

fhow  that  the  difference  is  confiderable.  Between  the 

;■  •  » 

deepeft  and  (hallowed:  it  appears  to  be  fomewhat  more 

than 
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than  one  fifth.  So  that  fuppofing  large  canals  and  boats 
and  depths  of  water  to  bear  the  lame  proportions,  and  that 
four  men  or  horfes  would  draw  a  boat  in  deep  water  four 
leagues  in  four  hours,  it  would  require  five  to  draw  the  fame 
boat  in  the  fame  time  as  far  in  fhallow  water;  or  four 
would  require  five  hours. 

Whether  this  difference  is  of  confequence  enough  to 
juftify  a  greater  expence  in  deepening  canals,  is  a  matter  of 
calculation,  which  our  ingenious  engineers  in  that  way  will 
readily  determine. 

'  *  '  •  ’  ‘  \ 

I  am}  &c.  B.  F. 
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TgpTHER,  what,  277. 

jfj 2j  Accent  or  Emphafis^ 
wrong  placing  of  it,  one  of 
the  faults  in  modern  longs, 

475-  .  t  . 

Air,  its  particles,  their  proper¬ 
ties,  41,  182,  £5?  feq.  its  cur¬ 
rents  over  the  globe,  47,  48. 

— It  rehds  the  motion  of  the 
eledlric  fluid,  80,  and  con¬ 
fines  it  to  bodies,  81,  174^ 

— Its  effedls  in  eledlric  experi¬ 
ments,  96,  97. 

— -Its  fridtion  againft  trees,  &c. 
confidered,  112,  176. 

Air ,  and  water  mutually  attradl 
each  other,  182.  di  Solves  wa¬ 
ter,  183,  and,  when  dry,  oil, 
185.  why  fuffbeating  when 
impregnated  with  oil,  185. 

^  how  water  is  fupported  in 
it,  186.  Objedlions  to  this 
opinion,  247, 

—  of  hurricanes  cold,  and  why, 
188. 

Air,  in  rooms,  eledlriffed  pofi- 
tively  and  negatively  by  Mr. 
Canton,  409. 

—  effedls  of  heat  upon  it,  2, 8  5 . 

**—  has  its  fhare  of  elediricity, 
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386,  experiments  to  prove 
it,  ibid. 

■ — Its  elediricity  fometimes  den- 
fer  above  than  below,  388, 
4 10. 

—  rare,  no  bad  conductor  of 
found,  437. 

Air -thermometer ,  eledlrical,  ex¬ 
periments  with  it,  390, 

M- 

Amber,  eledtric  experiments  on 
it,  425, 

America,  why  marriage  is  more 
early  there,  and  more  gene¬ 
ral,  198. 

Analyfis  of  the  Leiden  phial,  2  6, 
27- 

Animal-Heat,  whence  it  arifes, 

346* 

Animalcules ,  fuppofed  to  caufe 
the  luminous  appearance  of 
fea  water,  274,  feq . 

Armies,  whence  the  beft  means 
of  fupporting  them,  338. 

Armonica ,  the,  a  new  mufical 
inftrument  deferibed,  428, 
&  feq.  Manner  of  playing 
on  it,  433. 

Atmofphere,  eledtric,  its  proper¬ 
ties,  1 55. 

— _ —  fometimes  denfer 

above  than  below,  187. 

u  u  Aurora - 


INDEX. 


Jurord-Bcrealis,  explained,  48, 
49,  264. 

— - -  Query  concerning  it, 

lb2. 

B 

Balls  of  fire,  in  the  air.  Re¬ 
mark  concerning  them,  437. 

Barometer ,  how  the  air  operates 
v  on  it,  445. 

Bafs. ,  unneceffary  in  fome  tunes, 
471.. 

Battery  electric ,  its  conftruCtion, 
28. 

Beccaria ,  Pere,  character  of  his 
book  on  eleCtricity,  i6i.  Cu¬ 
rious  experiment  of  his  409. 
Letter  to  him,  427. 

Bells,  die  form  in  confecrating 
them,  487. 

Bevis ,  Dr.  draws  eleCtricity  from 
the  clouds,  no. 

Black  cloths,  heat  more  and  dry 
fooner  in  the  fun  than  white 
ones,  465. 

Blacky  a  chimney  painted  of  that 
colour,  when  expofed  to  the 
•  fun,  will  draw  more  ftrongly, 
374.  A  bad  colour  for 
clothes  in  hot  climates,  466. 
Fit  for  the  lining  of  ladies 
fummer  hats,  ibid. 

Blindnefs ,  occafioned  by  light¬ 
ning,  and  by  electricity,  66. 

Blunt  Bodies ,  compared  with 
pointed  ones,  their  effects, 
4,  61,  63. 

Boat ,  difference  in  its  failing 
overflioal  or  deep  water,  494. 


owi  ja  gninirigji  to  gfism 

Body,  human,  generally  is  fpe- 
cifkaliy  lighter  than  water, 
465,  466. 

Bodies ,  brought  into  a  pofitive 
atmofphere,  are  thereby  elec¬ 
tris'd  negatively,  160. 

—  at  a  diftance,  their  ac¬ 
tion  on  each  other  confider’d, 

2  5  4>  2  3  8 . 

Boerhaave ,  his  opinion  of  the 
propagation  of  heat,  276, 
and  of  fleam  from  fermenting 
liquors,  277. 

Bolton ,  Mr.  a  curious  experi¬ 
ment  of  his,  402. 

Bofton ,  its  inhabitants  decreafe, 

194. 

Brafs ,  hot,  yields  unwholefome 
fleams,  310. 

Britain  cannot  long  fupply  the 
colonies  with  manufactures, 
199. 

Buildings ,  what  kind  fafeft  from 
lightning,  481. 

Bur ,  round  a  hole  {truck  thro’ 
paftboard,  the  caufe  of  it, 
121. 

I  lie  I  iJ  i  I  j*  ufilj  n  r  RfT  tO  14^7)  s| 

c 

Candles  lighted  by  eleCtricity,  9 

Canton ,  Mr.  John,  fome  curi¬ 
ous  experiments  of  his,  40  r,. 
402. 

—  draws  eleClricity  from  the 
clouds,  1 09. 

Cam,  filver,  a  fingular  experi¬ 
ment  on  it,  326. 

Carolina ,  South,  accounts  of  the 

eifeCts 

\  • 
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effefts  of  lightning  on  two 
conduSors  there,  416,  tfjeq. 
Remarks  on  thofe  accounts, 

420,  &feq-  .  , 

Cap  of  white  paper,  its  me,  466. 
Cavendijh,  Lord  Charles ,  a  very 
ingenious  experiment  01  his 

Charging  a  number  of  bottles  at 
the  fame  time,  the  manner  - 
defcrib’d,  24,  25-  .  . 

Charging  and  difcharging,  the 
terms  explained,  24.  _  _ 
Chimneys ,  common,  their  mefii- 
cacv  in  warming  rooms,  200, 

_ Xhe  motion  of  air  in  them, 

and  one  caufe  of  their  fmoak- 
in0"  explained,  286.  Damage 
fometimes  doneby  them,  290. 

_ Xn  eafv  method  ot  obtaining 

more  warmth  in  the  ufe  oi 
them,  369.  —  in  common 
chimneys  half  the  fuel  waft¬ 
ed,  37°-  A  property  of  them 

obferved,  37 1  *  We  ^ 
propofed,  ibid.  &  373-  Cauie 
of  it  explained,  372,  373- 
Effed  of  painting  the  tunnel 

black,  374-  ..  . 

_  Effed  of  contradmg  them 
in  different  ways,  462. 

Cities ,  why  they  do  not  fupply 
themfelves  with  inhabitants, 


Clouds ,  arifing  from  fca  and  o- 
thers  from  land,  effefts  oi 
their  meeting,  45,  46,  47- 
electricity  firft  drawn 


Chathing,  does  not  give  warmth 


Clothes ,  of  what  colour,  fits. eft 
for  hot  climates,  466. 


from  them  at  IVIarly ,  Ti  ^  /  * 

_ eledris9d  fometimes  ne¬ 
gatively  and  fometimes  poll- 
lively,  1145  11 5?  12^5  i2^’5 
150, 

— Conjedures,  on  the  manner  m 
which  they  become  eledns 

H7,  £s?  feq.  263,  32 3- 

—  Motives  to  propofing  the  tint 
experiment  on  them,  ^  3  2  3* 

—  How  fupported  in  air,  186. 
How  formed,  188.  Whe¬ 
ther  wind  can  be  confined  in 
them,  257,  261,  279. 

Golden ,  Mr.  David ,  his  remarks 
on  Abbe  Nollet’s  letteis,  13®* 
Cold,  the  fenfation  of  it,  how 

produced,  344?  345- 
—  only  the  ab fence  of  neat, 

348- 

—  Produced  by  mixtures,  how, 
34cb  349* 

, —  why  it  feems  greater  in 
metals  than  in  wood,  2  60,  345* 
Cold ,  great,  produced  by  evapo¬ 
ration ,  experiments  01  it,  342? 
363,364.  The  pradice  long 
known  in  the  Eaft,  364’  ana 
to  our  bailors,  365.  Several 
phenomena,  hitherto  unac¬ 
counted  for,  explained  by  it, 
365,  fc?  feq. 

Colds ,  how  caught,  according 
to  common  opinion,  289. 

U  u  u  2  Colonies , 
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Colonies ,  American  their  liber¬ 


ty  more  fecure  in  difunion, 

3.i9- 

Colonifisy  in  N.  America,  dou¬ 
ble  in  25  years,  205. 

Colours ,  different  in  clothes,  im-  more  uneafy  fenfation  of  cold 
bibe  different  degrees  of  heat  than  dry  ones,  259,  343. 
from  the  Sun’s  rays,  472,  £5?.  Dampkr ,  Capt.  extrads  *  from 
fe'q.  Experiments  on  them,  his  voyages,  relating  to  wa- 
4 65-  terfpouts,  268,  6?/^. 

Conductors ,  and  Non- conduct  or Sy  Defects ,  in  common  Ipeech,  the 
terms  propos’d  inffead  of  affeded  beauties  of  modern 
Electrics  per  fe,  and  Non-Elec-  finging,  475, 
tries,  96,  262.  Denmark ,  the  people  of,  not 

— — - *  fome  will  condud  fubjed  to  colds,  505. 

eledricity,  in  fmall  quantities,  Damien ,  a  Tranfylvanian,  fome 
that  will  not  condud  a  fhock,  account  of  him,  320. 

332,  402.  Duties,  moral,  the  knowledge 

- - —  of  common  lire,  and  pradice  of  them,  of  more 

their  properties,  and  diffe-  importance  than  the  know- 
rences,  343.  ledge  of  nature,  44S. 

- —  Experiments  on  them, 

344*  E 


)ampnef ,  on  walls,  whence* 

2  53- 

) amp  Winds ,  why  they  eive  n 


— - —  of  lightning,  parti¬ 

culars  relating  to  them,  480, 
fttfeq.\  /  \ 

Commerce ,  its  conveniences  and 
inconveniences,  338. 
Comazants ,  (or  Corpufants)  feen 
on  the  mails  of  fhips,  are  e- 
ledrical  appearances,  90. 
Crooked  Direction ,  of  Lightning, 
explain’d,  167,  1 68. 

Cujhion ,  (of  buckfkin,  fill’d  with 
bran;  its  improv’d  manage¬ 
ment,  92. 


Earthy  why  it  grows  no  hotter 
under  the  Summer  fun,  367. 
Earthy  the,  fometimes  ilrikes 
lightning  into  the  clouds, 
1 16. 

Earthy  will  difiblve  in  air,  183. 
—  dry,  not  a  good  condudor, 

35’  jft 

Earthquakesy  ancient,  their  ufe 
to  us,  362. 

Effluvia y  of  drugs,  &c.  will  not 
pafs  thro’  glafs,  82,  83. 


Electric 


INDEX. 


E Writ  Atmofphere ,  how  pro¬ 
duced,  57. 

- - Its  form,  58,  £5?  feq-  . 

EleBric  Battery,  its  conftruction, 

a8. 

Elettric  Wheel,  defcribed,  31. 
Eleflric  Clouds,  experiment  to 
explain  their  operation,  63, 

Eleftric  Death  the  eafieft  of  all, 

Electric  Fire 5  not  created  by 
fridion,  but  colle&ed,  41- 
—  Its  particles,  their  proper¬ 
ties,  54,  55, 

- - Its  ufes,  56. 

_ It  produces  heat  or  com¬ 
mon  fire  in  the  bodies  it 
pafies  thro’,  andhow,  50, 392, 

4IJv  4I3*  % 

Electric,  and  common,  tire,  a 

remarkable  difference  between 
them,  29S. 

Electric  Fluid,  is  ftrongly  at- 
traded  by  glafs,  75.  ^ 

_ —  Its  manner  of  acting  thro’ 

glafs  hermetically  fealed, 

81. 

pafies  in  fmall  quantitie 


before  it  explodes  in  a  ftroke 
of  lightning,  123. 

* _ finds  its  paffage  and  pro¬ 

per  condudors,  previous  to 
the  ftroke,  124. 

pervades  denfe  matter 


with  greateft  eafe,  263. 

chufes  the  beft  condudors. 
322,  480* 


Electric  fiuid,  pervades  forne 
glafs,  when  warm,  401. 

Electric  Matter ,  in  bodies,  r 
pelled  and  moved  by  the  ap¬ 
proach  of  an  eledrifed  body, 

1 58. 

Electric  Force  may  be  encreafed 
without  bounds,  94. 

Electric  Kifs ,  its  force  encreafed, 

10. 

Electric  Kite,  defcribed,  111,112, 
Electrical  party  of  pleafure,  37. 
EleCirical  horfe-race,  388* 

- —  air-thermometer  deicrib’d, 

3 89.  Experiments  with  it, 

390,  &  feq.  - 

Electrical  Phial,  or  Leiden 
bottle,  its  phaenomena  .'ex¬ 
plain’d,  12,  f$. 

Electrical  Shock,  a  great  one,  its 
effeds  on  the  human  body, 

153,  1545  324?  325* 
Electricity ,  whether  pofitive^  or 
negative  hath  fome  fimilar 
effeds,  36,  37. 

Electricity,  pofitive  and  negative, 
in  a  Tourmalin,  375,  £s?  feq. 
Electrics  per  fe,  &  FI  on- electrics, 
the  difference  between  them, 
8i,  95,  2 62. 

EdeCtrifiedBumpers  defcribed,  38. 
EleCtrifation  between  two  perfons, 
the  various  appearances  ac¬ 
counted  for,  8. 

EleClr  if  attorn  frequent,  10.  . 

EleClrifing  one's  f elf,  the  manner 
of  doing  it,  7.  '  q 

*  Englijh) 
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Bngtijkf  eflfedt  of  their  ancient 
manners,  337. 

Evaporation ,  cold  produced  by 

it,  3 6s>  364,  39s,  399-  . 

Experiments  with  the  Leiden 

Bottle,  15,  &  feq. 

Experiment  of  firing  fpirits  by  a 
fpark  fent  thro3  a  river,  how 
performed,  37. 

Experiment ,  the  great  one,  of 
examining  the  clouds,  pro- 
pofed,  and  the  manner  di¬ 
rected,  60. 

Experiment  on  drugs  eledtrify’d, 
83^  84. 

Experiment ,  to  difcover  the  kind 
of  electricity  in  the  clouds, 
113. 

Experiment ,  of  encreafing  elec¬ 
tricity  on  the  furface  of  a  bo¬ 
dy,  by  condenfing  the  body, 
121. 

Experiment ,  Mr.  Golden’s,  on  the 
Leiden  phial,  138. 

Experiments  eledtrical,  by  Mr. 
Canton ,  143. 

Experiments ,  eledtrical,  in  pur- 
fuance  of  thofe  made  by  Mr. 
Canton ,  155. 

Experiment ,  on  wood  and  metal, 
with  heat,  260. 

Experiment  on  fea  water,  to  dif¬ 
cover  the  caufe  of  its  lumin¬ 
ous  appearance,  273. 

Experiment  propofed,  to  meafure 
the  time*  taken  up  by  an  elec- 
trick  fpark,  in  moving  thro’ 
a  given  fpace,  280.  Anfwer 
thereto,  282.  , 


Experiment  on  afilyer  cann,  325V 

Experiment ,  producing  great 
cold  by  evaporation,  363, 

3^4; 

Experiment ,  fhewing  the  diffe¬ 
rent  effedts  of  the  fame  quan¬ 
tity  of  eledtricity  on  different 
quantities  of  metal,  413. 

Experiments  on  the  Tourmalin, 
375,  &  feq. 

Experiment  on  the  failing  of 
boats  over  deep  and  (hallow 
water,  492,  &  feq, 

F 

Faffs,  befl  to  afcertain  them  be¬ 
fore  one  attempts  to  account 
for  them,  450. 

Fanning,  how  it  cools,  367. 

Fevers ,  occafioned  by  exercife 
in  the  Sun,  in  hot  climates, 
466. 

Fire,  a  region  of,  above  the 
clouds,  263. 

Fire  common,  joined  with  air, 
makes  it  fpecifically  lighter, 
42, 

■ -  its  fuppofed  properties, 

287. 

-  is  a  fluid  permeating  all 

bodies,  343. 

- conductors  of  it,  their  dif¬ 
ferences,  343. 

• - exifts  in  a  folid  Hate  in 

fuel,  346,  412. 

- - recovers  its  fluidity  in  cer¬ 
tain  cafes,  ibid, 

—  in  a  quiefcent  ftate,  412. 

Eire. 


Fire ,  many  ways  of  kindling  it. 

Fireplaces ,  a  newr  conftrudion  of 
them  defcribed,  284,  Gd  feq. 
Former  ones  confidered,  2 87, 
fc?  fea. 

_ —  manner  of  ufing  them, 

3°i  r&M*  J 

- - -  advantages  of  them,  304, 


Fruit  Walls,  blacking  them,  ef¬ 
fects  to  be  expected  from  it, 
466. 

Fufton  cold ,  of  metals,  what, 
51,  52. 

_ _ The  notion  of  it  proves  a 

miftake,  392. 

_ —  The  .error  of  it  acknow¬ 
ledg’d.  41 1. 


&  feq. 

— -  objedions  to  them  an- 
fwered,  308. 

—  diredions  to  put  them  up, 


3 1 3. 

Fires ,  great  and  bright,  damage 
the  eyes  and  Ikin,  290. 

Flejh ,  how  made  tender  by 
lightning,  and  by  eledricity. 


& 
4*5 


Fluids,  agitated,  do  not  produce 


6. 


heat,  449* 

Florence  fialk,  when  filled  with 
boiling  water,  permitted  elec¬ 
tricity  to  pafs  thro9  it,  385. 

Fogs ,  and  mills,  how  fupported 
in  air,  186. 

Foreigners ,  their  importation  not 
neceflary  to  increafe  a  people. 


204. 

Fountain  eleblrified ,  its  flream 
feparates  in  form  of  a  bruih, 


40. 

Fnw?,  the  erfeds  of  its  milita¬ 
ry  manners,  336,  337. 

Freezing  a  man  to  death  in  a 
Summer’s  day,  pofilbility  of 
it,  364. 

Frugality  and  Induftry ,  furpriz- 
ing  effeds  of  it,  334* 


G 

,■  '  '  "f  Jt  .  .<4  1?  j  S  f:Vr  9 

Gilding  on  a  book,  conduds 
well  at  firit  36,  why  not  fo 
well  afterwards,  69. 

- - -  The  effeds  of  lightning  on 

it,  67. 

Glafs  has  always  the  fame  quan¬ 
tity  of  the  eledric  fluid,  2 6. 

— - the  whole  power  of  giving 

a  fliock  is  in  it,  ibid.  &  89. 

- - panes  of  it,  by  whom  firft 

ufed  in  eledric  experiments, 
29. 

- - great  force  in  final!  porti¬ 
ons  of  it,  35,  74* 

- - is  impermeable  to  the  e- 

ledric  fluid,  72,  &  feq.  in 
what  fenfe,  161. 

- - ftrongly  attrads  the  elec¬ 
tric  fluid,  75. 

> - -  cannot  be  eledrified  mi¬ 

nus,  ibid. 

- - its  oppoflte  furfaces,  how 

affeded,  25,  75. 

— —  its  component  parts  ex- 

treamly  fine,  76. 

-its  pores  exceeding ftnall,  ib. 

Glafs , 


B 


i 

'  •  '  •  s\ 


I  N  D 

Glafs ,  the  manner  of  its  opera¬ 
tion  in  producing  eleCtricity, 
explain'd*  76,  &  feq. 

* - its  elafticity,  to  what  pof- 

fibly  owing,  78. 

- - thick,  refills  the  change 

in  the  electricity  of  its  diffe¬ 
rent  Tides,  82. 

■ - rod  of  it,  will  not  conduCt 

a  fhock,  ibid. 

- rubbed,  is  pofitively  elec¬ 
trified,  fulphur  negatively, 
reafons  for  thinking  fo,  104, 

l05* 

- globes  of  it,  fome  will  not 

produce  eleCtricity,  319,  what 
belt,  ibid. 

~ - an  error  relating  to  its 

pores,  acknowledg’d,  321. 

Glafs ,  a  curious  one  defcrib’d, 
489  ^  feq. 

Glajfes ,  a  new  mufical  infer u- 
ment  compos’d  of  them,  de¬ 
ferred,  428,  &  feq. 

Gold  Leaf  its  fufpenfion  ex¬ 
plain’d,  70,  &  feq. 

Government ,  free,  can  only  be 
deftroyed  by  corrupt  manners, 

335*. 

Greece ,  itsfuperiority  over  Perfta^ 
whence,  335.' 

Green  and  red ,  a  relation  be¬ 
tween  thofe  colours,  470. 

Gunpowder ,  dry,  how  to  be  fir¬ 
ed  by  eleCtricity,  92. 

Gunpowder ,  magazines  of,  how 
to  fecure  them  from  lightning. 


E  X. 

441,  &  feq.  New  propofal 
for  keeping  gunpowder  dry, 

44  ^  ° 

H 
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Habits ,  and  manners,  their  ef¬ 
ficacy  in  increafing  mankind, 

331*  332- 

Harmony ,  and  melody,  what, 

469. 

Harp ,  ancient  Scotch  tunes 
compofed  to  be  fung  with 
that  inflrument,  470.  The 
effeCt  it  had  on  their  compo- 
fition,  ibid. 

Hats,  ladies  fummer,  of  what 
colour  belt,  466. 

Heat,  the  pain  it  occafions,  how 
produced,  345. 

- in  an  animal,  how  produ¬ 
ced,  346,  347. 

- —  in  fermentation,  its  de- 

gree,  347. 

-  great,  at  Philadelphia, 

June  1750,  its  circumffan- 
ces,  365,  366. 

-  produced  in  bodies  by 

electricity,  and  by  lightning* 
392,  411,  413,  419. 

Hole,  (truck  through  pafteboard, 
reafon  of  the  bur  round  it, 
123 

HorJ e-Race,  eieCtrical,  388. 

Hudfori*  s- River ,  winds  there, 
255,  259,  278. 

Hunters , 
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*  % 

Hunters ,  require  much  land  to 
fubfiii  on,  198. 

Hurricanes ,  how  produced,  188. 

I 

Ice ,  not  a  good  conductor  of  an 
electric  jffiock,  36. 

Ignorance ,  a  frank  acknowledg¬ 
ment  of  it  recommended, 
326. 

Images ,  of  luminous  objects  re¬ 
main  fome  time  in  the  eye, 
469,  &feq.  ' 

Inarticulation ,  in  modern  ting¬ 
ing,  cenfur’d,  478. 

Increafe ,  of  mankind,  obferva- 
tions  on  it,  197.  What  pre¬ 
vents  it,  200,  201.  What 
promotes  it,  202,  203,  204. 
Farther  obfervations  on  it, 

329.  .  .  ' 

Indujtry  and  frugality,  their  ef¬ 
fects,  334,  338. 

Inoculation ,  its  fuccefs  in  Phila¬ 
delphia ,  195. 

InfeftS)  ufefulnefs  of  the  know¬ 
ledge  of  them,  446,  447. 

Invention ,  the  faculty  of,  its  in- 
conveniencies,  326,  & Jeq. 

Iron  hot,  gives  no  offentive 
tin  ell,  309. 

- - yields  no  unwholefome  va¬ 
pours,  310, 

K 

Kinnerjley ,  Mr.  fome  new  expe¬ 
riments  propofed  by  him,  99, 
£5?  feq.  and  verified,  103. 

Xs 
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Kinnerjley ,  Mr.  his  experiments 
on  the  clouds,  128,  129. 

— —  Letter  from  him,  384.  , 
Kite\  electrical ,  deferibed,  with 
the  manner  of  ufing  it,  1 1 1, 

1 12. 

Knobs ,  not  fo  proper  as  Points , 
for  conductors  of  lightning, 
416. 

L 

Labour ,  why  dear  in  America , 

.  I?9- 

Leiden  Bottle ,  its  phenomena 
explain’d,  12,  £5? 

- - *  analys’d,  26 

-  additional  experiment  in 

proof  of  the  former  explana¬ 
tion,  86. 

- — —  fealed  hermetically,  retains 
long  its  electricity,  400,  401. 

- - why  the  hand  that  holds 

it,  does  not  reftore  the  elec¬ 
tric  fluid  that  has  been  driven 
out  of  it,  461. 

Light ,  difficulties  in  the  doctrine 
of  it,  264. 

- -  Queries  concerning  it,  ibid. 

- The  vitibility  of  its  infinitely 

tinallparts  computed,  275. 
Lightning ,  reprefented,  10. 

— — -drawn  firft  from  the  clouds 
at  Marly,  106,  107.  After¬ 
wards  by  Mr.  Canton ,  109. 

- obtain’d  from  the  clouds 

by  the  kite,  m. 

- — —by  an  iron  rod,  112. 

- - objections  to  its  being  col¬ 
lected  from  the  fea,  170. 
x  Lightning , 
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Lightning ,  effects  of  it  on  a  wire 
at  N.  York,  180,  1 8  i . 

- reafons  for  firft  propofing 

the  experiment  on  it,  322, 

323- 

- - how  it  Olivers  trees,  415 

- ftrikes  Mr.  Weft's  pointed 

rod,  394,  the  rod  defcrib’d, 
395.  Effects  of  the  light¬ 
ning  upon  it,  396. 

- accounts  of  its  effedls  on 

conductors  in  Carolina^  416, 

&  M- 

- -  remarks  on  thofe  accounts, 

420,  &feq. 

• -  does  not  ufually  enter 

houfes  through  open  doors  or 
windows,  423.  Should  be 
diftinguilhed  from  its  light , 
424.  An  explofion  or  clap 
of  thunder  always  accompa¬ 
nies  it,  tho’  not  always  heard, 
ibid.  Obfervations  of  its 
ftriking  St.  Bride’ s,  440. 

— —  a  paper  on  it  written  (by 
requeft)  at  Paris ,  479.  Dan¬ 
ger  from  it,  how  bell  avoid¬ 
ed,  484. 

Linnaeus ,  an  inftance  of  public 
benefit  arifing  from  his  know¬ 
ledge  of  infeCts,  447. 
Luminous  appearance  of  fea- 
water  confidered,  2  73,  £sf  feq. 

— - objeCts,  make  impreffions 

of  fome  duration  in  the  eye, 

469- 

Luxury ,  extinguifhes  families, 

333- 


• - -  not  to  be  extirpated  by 

Laws,  339. 

M  f 

Magazine  of  Gunpowder,  how 
to  fee ure  it  from  lightning, 
441,  &  feq. 

Magic  Squares ,  account  of  fome, 
350. 

Magic  Circle ,  account  of  one, 
354- 

Magical  Picture  defcrib5d,  29, 

3°- 

MagneticBars ,  experiment  View¬ 
ing  their  mutual  repulfion, 
406. 

Magnetifm ,  communicated  to 
needles,  by  the  eleCtric  ftroke, 
9°,  91,  178. 

Manners ,  their  efFeCt  on  the 
welfare  of  ftates,  332,  & feq . 

Marly ,  the  experiment  of  draw¬ 
ing  lightning  from  the  clouds, 
firft  fucceeds  there,  107. 

Marriages ,  what  increafes  the 
number  of,  197. 

- why  delay’d  in  old  coun¬ 
tries,  ibid. 

■ - why  early  and  more  gene¬ 

ral  in  America ,  198,  199. 

Maryland ,  account  of  a  whirl¬ 
wind  there,  356. 

Meal,  Grain,  &c.  manner  of 
preferving  them  good  for 
ages,  443. 

Medicated  electricity,  impracti¬ 
cable,  82,  83. 

Melody , 


/ 


/ 
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Melody  and  Harmony,  what, 
468. 

- - how  united  in  a  Ample 

tune,  ibid. 

Men ,  fix,  ftruck  down  by  an 
electric  fhock,  324,  325. 

Metals ,  melted  by  eledtricity 
and  lightning,  67,  &  feq.  176, 
180,  181,  418,  419,  421. 

Glafs  ftained  by  melted 
metals,  68. 

- - Force  of  their  explofion, 

69. 

— —  polifhed,  are  fpotted  by 
eledlricai  fparks,  98. 

- - why  they  feel  colder  than 

wood,  260,  345. 

- not  melted  by  cold  fufion, 

392. 

Metalline  Rods ,  recommended 
for  fecuring  buildings  from 
lightning,  124,  125,  126, 

482. 

. — —  they  either  prevent ,  or  con¬ 
duit  ,  a  ftroke,  162. 

Meteorological  Obfervations,  182, 
&  feq. 

Mitchell ,  Mr.  obfervation  on  a 
paper  of  his,  362. 

Mines ,  a  method  of  changing 
air  in  them,  373. 

Motion ,  of  the  eledtric  ftroke, 
its  fwiftnefs  explain’d,  282, 
28  3. 

Mountains ,  their  ufe  in  produ¬ 
cing  rain  and  rivers,  44,  45. 

— —  how  they  became  fo  high 
above  the  level  of  the  fea, 
38O. 


Mufic ,  modern,  charadter  of  it, 

467* 

- - what  the  kind  of  pleafure 

it  gives,  ibid. 

Mufical  Inftrument,  a  nev/  one 
compos’d  of  glaftes,  defcrib’d, 
428,  &  feq. 


Needles ,  rendered  magnetical  by 
the  eledtric  ftroke,  90,  91. 
Needles ,  and  pins  melted  by 
electricity,  91. 

Needle  of  a  compafs,  its  polarity 
reverfed  by  lightning,  90, 

'79- 

Needle  of  wood,  with  points, 
turns  on  a  center,  the  fame 
way,  whether  eledtris’d  pofi- 
tively  or  negatively,  385. 
Solution  of  it,  propos’d,  406, 

4°  7; 

Negatively ,  eledtris’d  bodies  re¬ 
pel  each  other,  1 56. 

Negroes ,  why  they  bear  heat 
better  than  whites,  367. 
Newbury ,  in  New-England,  ef- 
fedts  of  a  ftroke  of  lightning 
there,  i62c 

New-Tork ,  effedts  of  lightning 
on  a  wire  in  the  church  there, 
180,  1 8 1. 

Nollet ,  Abbe,  remarks  on  his 
letters,  by  Mr.  Colden ,  130. 
N on- conduit  or  s  of  the  eledfric 
fluid,  what  fubftances  are, 
480. 

X  x  x  2 


North - 


I 
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North-Eaft  ftorms  in  America , 
begin  in  the  South- weft,  and 
the  caufe,  381,  £s?  feq . 

O 

ObfervationSy  meteorological, 
182. 

Oily  the  effeCt  of  heat  upon  it, 
i85- 

- evaporates  only  in  dry  air, 

ibid. 

- - renders  air  unfit  to  take 

up  water,  ibid. 

Oil  and  JVatery  a  curious  expe¬ 
riment  made  with  them  at  fea, 
438,  &feq. 

P 

Pacbthready  tho’  wet,  not  a  good 
conductor  of  a  fhock,  36. 

Paralytic  cafes,  effeCt  of  elec¬ 
tricity  in  them,  359. 

Party  of  Pie  afar  electrical,  37. 

Perfons  falling  by  the  eleCtric 
ftroke,  the  manner  of,  325. 

Perfpirable  Mattery  pernicious  if 
retained  in  the  body,  252. 

Pidfure  magicaly  defcribed,  29, 

3°* 

Plus  and  Minus ,  electricity,  in 
the  Leiden  bottle,  14. 

* - in  other  bodies,  19. 

Pointy  fharp,  a  curious  experi¬ 
ment  to  fhew  its  effeCt  on  the 
clouds,  126,  127. 

Pointed  Rodsy  their  ufe  in  fecu- 
ring  buildings  from  lightning, 
126,  416.  Improvements  on 
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them,  414,  415.  Farther  ufe 
417,  422. 

Point Sy  their  wonderful  effects, 
3?  4?  5\ 

- explain’d,  6r.  feq. 

Poke-weedy  ufed  in  the  cure  of 
Cancers,  267. 

Polarity ,  given  to  needles  by 
the  eleCtric  ftroke,  90,  9r. 

Populatmiy  the  progrefs  of  it, 
why  fwifter  in  America.  198. 

Pofitive  and  Negative  eleCtricity, 
feme  of  their  effects  are  fimi- 
lar,  36,  37. 

Pofitivenefsy  the  impropriety  of 
it,  462. 

Powder  magazines,  the  way  of 
fecuringthem  from  lightning, 
441,  &  feq. 

X  R 

Rain,  how  produced,  43. 

■ - why  never  fait,  230,  231. 

Red  and  Green ,  the  colours,  a 
certain  relation  between  them, 
470. 

Repellencyy  eleCtrical,  how  de¬ 
ft  royed,  5. 

Repulfiony  eleCtrical,  the  doc¬ 
trine  of  it  doubted,  386, 
further  confiderations  in  lup- 
port  of  it,  404,  405,  406. 

RiverSy  their  running  all  into 
the  fea  doubted,  and  the  rea- 
fons,  469,  &  feq .  Their 
Evaporation  before  they  reach 
it,  how  encreas’d,  470,  471. 

Rody  iron,  ereCted,  for  experi¬ 
ments 


1  N 


D  E 


merits  on  the  clouds,  1 1 2. 
its  ufe  as  a  conductor  or 

lightning,  482. 

Rome,  effeCt  of"  its  manners  con 

fidered,  335.  #  , 

Rooms ,  warm,  their  advantages, 
261,  &  feq*  Vo  not  give 

people  colds,  31P5  ^ 

Rouffeau ,  his  opinion  of  tunes 

in  parts,  472. 

S 

Salt,  Rock,  form’d  originally 
from  the  lea,  and  in  what 
manner,  379,  380. 

Salt-Water ,  how.  to  quench 
thirft  with  it,  459. 

Scotch  Tunes,  the  pleafure  they 
give  explain’d,  468. 

Sea ,  the  fource  of  lightning, 
objections  to  that  opinion, 
170.  Reafons  on  which  it 

was  founded,  174’  I75* 

— — -  its  luminous  appearance 

accounted  for,  273,  &  feq 

_ _ not  fait  from  the  diffolu- 

tion  of  rock -fait,  but  frejher 
now  than  it  was  originally, 
379. 

_ _ _  has  formerly  covered  the 

mountains,  ibid. 

Sea-Water,  foon  iofes  its  lu¬ 
minous  quality,  1 1  f,  176* 
Slaves ,  not  profitable  labourers, 

200.  .  .  . 

_ _ -  diminifh  and  vitiate  tne 

free  people,  202. 
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V  ,  r  . 

Small-Pox,  lofs  by  it  in  B  oft  on, 
193’  I  9  d  * 

Smell  of  Electricity,  produc’d  by 
its  aCtion  on  fomething  in  the 
air,  84. 

Snow,  blown  about  by  the  wind, 
gave  eleCfricity,  tho’  the  air 
otherwife  clear,  434. 

Songs  ancient,  gave  more  plea¬ 
fure  than  modern  ones,  why, 
471,  474.  Modern,  com¬ 
pos’d  of  all  the  defeCls  and 
abfurdities  of  common  fpeech, 
ibid.  Inftances  of  it,  475, 

&  feq. 

Sound ,  obfervations  on  it,  435, 
under  water  ftrong  at  a  di- 
ftance,  ibid .  Queries  con¬ 
cerning  it,  436, 437.  A  fubtle 
fluid  fufpeCted  as  the  conduc¬ 
tor  of  it,  ibid. 

Sounds,  juft  paft,  we  have  a  per¬ 
fect  idea  of  their  pitch,  468, 

469. 

Spain,  what  has  thinned  its  peo¬ 
ple,  205. 

Specifical  Weight,  what,  286. 
Spheres  eleCtric, commodious  ones, 

1 

Spider,  counterfeit,  defcribed,  1  o. 
Spirit,  inflammable,  linen  cloths 
wet  with  it,  and  applied  to 
painful  imflammations  of  the 
body,  give  great  coolnefs  and 
eafe,  368. 

Spirits,  fired  without  heating 
them,  '51. 

Spots , 

«  $ 
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Spots,  in  the  Sun,  how  formed, 
266. 

Stars,  fhoating,  what,  2  36. 

St.  Bride's  Church ,  obfervation 
of  the  ftroke  of  lightning  on 
it,  ^.40,  4At» 

Stuttering ,  one  of  the  affedted 
beauties  of  modern  fongs, 

475’  &  M- 

Sun ,  why  not  wafted  by  expence 
of  light,  266. 

Surface ,  whether  increafe  of  it 
can  account  for  the  rife  of 
vapours,  248,  251,  259. 

Surfaces ,  the  oppofite  ones  of 
glafs,  their  different  ftate 
when  eledfris’d,  25,  73. 

Sulphur  Globe ,  its  electricity  dif¬ 
ferent  and  oppofite  to  that  of 
the  glafs  globe,  103. 

Sweat ,  the  neceffity  of  keeping 
it  up,  in  thofe  that  labour  in 
the  fun  in  hot  climates,  366. 
The  manner  of  doing  it,  ibid. 

Swiftnefs  of  eledtric  motion  ex¬ 
plain’d,  282,  283* 

Swimming ,  how  to  be  learnt, 
463,  &  feq.  How  a  perfon 
unacquainted  with  it  may  a- 
void  finking,  466,  467.  A 
delightful  and  wholefome  ex- 
ercife,  468.  Its  advantage  to 
foldiers,  ibid. 

T 

Tautology ,  one  of  the  beauties  of 
modern  fongs,  475,  477. 


v 
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Thermometer ,  not  cooled  by  blow¬ 
ing  on  it  when  dry,  368. 

—  electrical,  defcribed,  389. 
Experiments  made  with  it, 
390,  fc?  feq. 

Thirfl ,  how  it  may  be  quenched 
with  fait  water,  459,  460. 

Thunder-gufts ,  what,  39. 

‘  a  new  hypo  thefts  for  ex¬ 
plaining  them,  hk 

Tides,  in  rivers,  their  motion 
explain’d,  430,  dd A  tide 
is  a  wave,  high  and  low  wa¬ 
ter  different  parts  of  that  wave, 

ibid.  Not  much  more  water  in 
a  river  at  high  water  than  at 
low  water  454,  433,  two, 
three,  or  more  high  waters, 
and  as  many  low  waters  exift- 
ing  in  the  /fame  river  at  the 
fame  time,  432,  437. 

Tourmalin ,  fome  experiments  on 
37 5>  &feq. 

Towns ,  in  England,  reafbn  of 

^  their  growth,  334. 

Trees ,  dangerous  to  take  ftrelter 
under  them,  30.  Why  cool 
in  the  fun,  367. 

- — 7-  the  fhivering  of  them  by 
lightning,  explained,  413. 

Triangles  equilateral,  form’d  by 
particles  of  air,  42. 

Tube ,  of  glafs,  lin’d  with  a  non¬ 
electric,  experiment  with  it, 
79* 

—  may  be  made  by  rubbing 
to  aft  like  the  Leiden  bottle, 
80. 

Tube , 


f 
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Tube,  cxhaufted  of  air,  the  elec¬ 
tric  fire  moves  freely  in  it,  80. 

Tubes  of  Glafs ,  manner  of  rub¬ 
bing  them,  1 1. 

Tunes ,  ancient  Scotch ,  why  they 
fo  generally  give  pleafure, 
468,  472.  Compofed  to  the 
wire  harp,  470,  in  parts, 
Rouffeau' s  opinion  of  them, 

472. 

Turkey,  killed  by  electricity, 

I53* 

U  ; 

Unintelligiblenefs,  one  of  the 
faults  of  modern  finging,  475. 

V 

Vacuum,  Torricellian,  experi¬ 
ment  with  it,  149. 

. - experiment  in  Vacuo,  to 

fhew  that  the  eledtric  fpark 
paifes  ftrait,  when  not  re¬ 
filled  by  air,  169. 

Vapour,  afcends  from  an  elec¬ 
tris’d  body,  and  leaves  the 
eledlricity,  380.  Another  ex¬ 
periment  on  it,  398. 

Vapours y  the  caufe  of  their  rifing 
confidered,  248  251. 

Varnifh,  dry ,  burnt  by  eledtric 
fparks,  34. 

Volcano's ,  conjedture  why  many 
of  them  have  ceafed.  380. 

W 

Wars,  civil,  whether  they 
ilrengthen  a  country,  confi¬ 
dered,  337. 


Water,  a  good  condudtor,  36. 

— - ftrongly  eledtrified,  rifes 

in  vapours  more  copioufly,40. 

. - its  particles  riling,  attach 

themfelves  to  particles  of  air, 
41,  and  mutually  attradl  each 
other,  42. 

- will  diffolve  in  air,  183. 

- boiling,  effedt  of  fire  upon 

it,  1  84. 

- how  its  parts  are  fupport- 

ed  in  air,  186. 

- does  not  rife  in  vapour  by 

being  reduced  to  hollow 
fpheres,  251. 

— — -  originally  all  fait,  379. 
Frelh  the  produce  of  diftilla- 
tion  only,  ibid. 

- exploded  like  gunpowder, 

by  eledlricity,  415.  Its  de¬ 
gree  of  rarefadlion,  49 1 . 
Watfon,  Dr.  a  letter  of  his,  108. 
Waterfpouts,  how  formed,  192, 
223,  277.  7 

- whether  they  defcend  or 

afcend,  208,  210,  feq. 

- —  farther  confider’d,  216, 

&  feq . 

- winds  blow  from  all  points 

towards  them,  219. 

* - are  whirlwinds  at  fea,  222. 

— —  effedt  of  one  on  the  coafl* 
of  Guinea,  232,  269. 

- - account  of  one  in  Antigua , 

234,  &  feq . 

- farther  accounts  of  them, 

and  reafonings  upon  them, 
23  8,  feq .  256,  257,  268. 

Wax, 
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Watty  may  be  eledtrifed  pofitive- 
iy  and  negatively,  1 50,  when 
fluid  will  conduct,  263. 

Wefty  Mr.  his  condudtor  ilruck 
by  lightning,  and  houfe  pre- 
ferved,  394. 

Wheel  elehlricy  defcribed,  3 1 . 
Wheel  Jelf -moving,  defcribed,  32, 

33- 

Whirlwinds ,  how  formed,  19T, 
192. 

- — - —  account  of  one,  3  56,  £5?  feq. 
Whitey  why  the  fittefi  colour  for 
foldiers  clothes  in  hot  funny 
climates,  46 6. 

Wilfony  Mr.  draws  electricity 
from  the  clouds,  no. 

Windsy  Trade,  explained,  188, 

189,  253.  The  explanation 
objedted  to,  250. 

— —  wefterly  in  the  northern 
and  fouthern  region,  why, 

190. 


Windsy  from  fea  and  land,  realon 
of  their  different  heat  and  cold 
at  different  feafons.  191. 

— —  whether  they  can  be  con¬ 
fined  to  clouds,  2  57, 261,279. 

- - their  effedt  on  the  pro- 

grefs  of  foundconfidered,436. 
Winthropy  Profeflor,  a  curious 
obfervation  of  his,  434. 

Wirey  final],  condudts  a  great 
ftroke  of  lightning,  fafely, 
tho5  deftroy’d  itfelT,  163. 

- melted  by  eledtricity,  176. 

— —  from  the  earth  to  the  cu- 
fhion,  furnifhes  more  eledtric 
fire,  1 77. 

- lengthen’d  by  eledtricity, 

39 1  • 

Woody  why  it  does  not  feel  fo 
cold  as  metals,  tho’  of  the  fame 
temperature,  260. 

Woolleny  why  warmer  than  linen, 
260, 347. 
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